UNCLASSIFIED 


_ AD  NUMBER _ 

ADB086955 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
only;  Test  and  Evaluation;  29  JUN  1984.  Other 
requests  shall  be  referred  to  Materials 
Laboratory ,  ATTN:  AFWAL/MLTC,  Wright -Patterson 
AFB,  OH  45433.  This  document  contains  export- 
controlled  technical  data. 


_ AUTHORITY 

WL/DOOS  ltr  dtd  24  Apr  1992 


THIS  PAGE  IS  UNCLASSIFIED 


r\r  i  rvo*r*tv/4V 


1C  A  (VI 

CONCEPTUAL  DESIGN  FOR 

:GRATED 


ID 

ID 

O) 

CO 

00 


CQ 

I 

D 

< 


Volume  I 

Project  Overview  and  Technical  Summary 
Final  Technical  Report  (FTR) 


LTV  Aerospace  and  Defense  Company 
Vought  Aero  Products  Division 
Post  Office  Box  225907 
Dallas,  Texas  75265 


June  1  984 

Final  Technical  Report  for  Pe 
1  October  1981  -  29  June  1 

SUBJECT  TO  EXPORT  CONTROL  LAWS 

This  document  may  contain  information  subject  to  the  Intoms tionel  Traffic  ki  Arms  Regulation  ((TAR)  or  the  Export  Administration 
Regulation  (EAR)  of  1 979  which  may  not  be  exported,  r 3 teased,  or  discioeed  to  foreign  nationals  inside  or  outside  tha  United  States 
without  first  obtaining  on  export  Be  an  so.  A  violation  of  the  (TAR  or  EAR  may  be  subject  to  a  pane  try  of  up  to  1 0  years  imprisonment 
end  a  fine  of  1 100.000  under  22  U.S.C.  2778  or  Section  2410  of  the  Export  Administration  Act  of  1979.  Include  this  notice  with 
any  reproduced  portion  of  this  document. 

FOR  EARLY  DOMESTIC  DISSEMINATION  LEGEND 

Because  of  its  significant  eerfy  commercial  potential,  this  information  which  has  been  developed  under  a  U  S.  Government  program, 
is  being  disseminated  within  the  United  State*  in  advance  of  general  public  at  ion  Th*a  information  may  be  duplicated  and  used  by  the 
recipient  with  the  expressed  limitations  that  It  not  be  published  nor  released  to  foreign  ponies  without  appropriate  export  licenses. 
Release  of  this  information  to  other  domestic  parties  by  the  recipient  shell  be  mede  subject  to  these  limitations.  This  legend  she*  be 
marked  on  cny  reproduction  of  this  date  in  whole  or  in  pert. 

LIMITED  DISTRIBUTION 

Distribution  limited  to  U.S.  Government  agencies  only:  test  end  evaluation  statement  applied  June  1984.  Requests  for  this 
document  must  be  referred  to  the  Materiel*  Laboratory  AfWAL/MLTC.  W right -Patterson  Air  Force  Base.  Ohio  45433. 


iod 

984 


Prepared  for: 

MATERIALS  LABORATORY 

AIR  FORCE  WRIGHT  AERONAUTICAL  LABORATORIES 
AIR  FORCE  SYSTEMS  COMMAND 
WRIGHT-PATTERSON  AIR  FORCE  BASE.  OHIO  45433 

10  16  131 


29  June  1984 


NOTICES 


When  Government  drawings,  specifications,  or  other  data  are  used  for  any 
purpose  other  than  In  connection  with  a  definitely  related  Government 
procurement  operation,  the  United  States  Government  thereby  Incurs  no  re¬ 
sponsibility  nor  any  obligation  whatsoever ;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  In  any  way  supplied  the  said  drawings , 
specifications ,  or  other  data.  Is  not  to  be  regarded  by  Implication  or 
otherwise  as  In  any  manner  licensing  the  holder  or  any  other  person  or 
corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use,  or 
sell  any  patented  Invention  that  may  In  any  way  be  related  thereto. 

Note  that  this  document  bears  the  label,  "FOR  EARLY  DOMESTIC  DISSEMINATION" 
(FEDD).  The  FEDD  label  is  affixed  to  documents  that  may  contain  information 
having  high  commercial  potential. 

The  FEDD  concept  was  developed  as  a  result  of  the  desire  to  maintain  U.S. 
leadership  in  world  trade  markets  and  encourage  a  favorable  balance  of  trade. 
Since  the  availability  of  tax  supported  U.S.  technology  to  foreign  business 
interests  could  represent  an  unearned  benefit,  research  results  that  may  have 
high  commercial  potential  are  being  distributed  to  U.S.  industry  in  advance  of 
general  release. 

The  recipient  of  this  report  must  treat  the  information  it  contains  according 
to  the  conditions  of  the  FEDD  label  on  the  front  cover. 

This  technical  report  has  been  reviewed  and  is  approved  for  publication. 

cT,  /fs'f 

P  DATE 


FOR  THE  COMMANDER: 


77  (~r  _  /Q  &•+ 

NATHAN  G.  TUPPSR  «  DATE 

Chief 

Computer  Integrated  Manufacturing  Branch 
Manufacturing  Technology  Division 


Project  Manager 

Computer  Integrated  Manufacturing  Branch 
Manufacturing  Technology  Division 


"If  your  address  has  changed,  if  you  wish  to  be  removed  from  our  mailing  list, 
or  if  the  addressee  is  no  longer  employed  by  your  organization,  please  notify 
AFWAL/MLTC,  Wr ight-Patterson  AFB,  Ohio  45433  to  help  us  maintain  a  current 
mailing  list.” 

Copies  of  this  report  should  not  be  returned  unless  return  is  required  by 
security  considerations,  contractual  obligations,  or  notice  on  a  specific 
document . 


SECURITY  CLASSIFICATION  OF  THIS  FACE 


REPORT  DOCUMENTATION  PAGE 


Ia  REPORT  SECURITY  CLASSIFICATION 

Unclassified 


13.  RESTRICTIVE  MARKINGS 

Export  Control.  Limited  Disc..  FEDD  Clause  I 


2a  SECURITY  CLASSIFICATION  AUTHORITY 

AFWAL/HLTC _ 


2b.  DECLASS!  F I  CAT  I ON/DOWNGRA  DING  SCHEDULE 

_ N/A  _ 


3.  o  1ST R I BUTION/AVAl LABILITY  OF  REPORT 

Distribution  limited  to  U.S.  Government 
agencies  only;  Test  and  Evaluation  Statement 
applied  June  1984.  (See  Item  19  h e 1 ov . ) _ 


«.  PERFORMING  ORGANIZATION  REPORT  NUMBERIS) 

2-20150/4R-2 


S.  MONITORING  ORGANIZATION  REPORT  NUMBERlSI 

AFWAL-TR-84-4020,  Vol.  I 


6a  NAME  OF  PERFORMING  ORGANIZATION 

LTV  Aerospace  &  Defense  Co. 


}6b.  office  symbol 

Of  applicable) 

MS  49R-33 


7a  name  of  monitoring  organization 

Air  Force  Wright  Aeronautical  Laboratories 


6c.  ADORESS  (City,  SI alt  And  ZIP  CmU) 

P.  0.  Box  225907 
Dallas,  Texas  75265 


73.  AOORESS  I City .  Slctr  And  ZIP  Code! 

Materials  Laboratory  (AFWAL/MLTC) 
Manufacturing  &  Technology  Division 
Wright  Patterson  AFB,  OH.  45433 


8a  name  OF  FUNOING/SPONSORING 
organization  Air  Force 

Wright  Aeronautical  Laboratorie 


<tt).  OFFICE  SYMBOL 
(If  applicable) 

^VAL/MLTC 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

F33615-81-C-5119 


10.  SOURCE  OF  FUNDING  NOS. 


Materials  Laboratory 

PROGRAM 
ELEMENT  NO. 

PROJECT 

NO. 

TASK 

NO. 

WORK  UNIT 

NO. 

Manufacturing  Technology  Division 

112C779- 

2B111105 

11.  TlTLfe  (Include  Security  Clarification) 

ICAM  Conceptual  Design  for  (cont'd.  BLK.  16) 

78011F 

3010 

— 

12.  PERSONAL  AUTHORIS) 


|  13a.  TYPE  OF  REPORT 

13b.  TIME  COVERED 

14.  OATE  OF  REPORT  (Yr..  Mo.,  Day) 

15.  PAGE  COUNT  I 

1  Final  Retiort 

from  1981  to  1984 

1984  June  29 

417  | 

1«.  SUPPLEMENTARY  NOTATION 

Computer  Integrated  Manufacturing  (UNC) ,  Final  Technical  Report,  Project  Overview  and 


|l7.  COSATI  CODES 

FIELD 

GROUP 

SUB.  GR. 

13 

08 

14 

04 

IB.  SUBJECT  TERMS  ( Continue  on  reverse  if  neceuary  and  identify  by  block  number ) 

Integrated  Computer  Aided  Mfg.  Kfg.  .Modem  i*jt  Ion  Kfg.  Systems  Product  Assurance 

dautory  oi  the  Future  Quality  Control  Coapoeice  Kfg.  QA/QC 

Computer  Integrated  Kfg.  Quality  Assurance  Automated  Kfg, 

IC/iK  Computer  Systems  Integrated  Composite#  Center 


19.  ABSTRACT  r Continue  on  reverie  if  necessary  and  identify  by  block  number) 

This  Final  Technical  Report  (FTR)  covers  the  work  performed  on  U.  S.  Air  Force 
Contract  F33615-81-C-5119,  Project  Priority  1105,  entitled  "ICAM  Conceptual  Design 
for  Computer  Integrated  Manufacturing."  This  Technical  Report  presents  an  overview 
and  technical  summary  of  the  overall  project,  its  results  and  discusses  the  rationale 
for  the  direction  of  the  program. 

Item  3  Continued:  Requests  for  this  document  must  be  referred  to  the  Materails  Laboratory, 
AFWAL/MLTC,  Wright-Pat terson  Air  Force  Base,  Ohio  45433. 


20.  DISTRIBUTION/A VAILABILITY  OF  ABSTRACT 
UNCLASSIFIED/UNLIMITED  □  SAME  AS  RPT.  □  OTIC  USERS  E3i 


21.  ABSTRACT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


22*.  NAME  OF  RESPONSIBLE  INDIVIDUAL 

Richard  R.  Preston,  Captain,  USAF 


22b.  TELEPHONE  NUMBER 
(Include  Area  Code) 

(513)255-6976 


22c.  OFFICE  SYMBOL 

AFWAL/MLTC 


DD  FORM  1473,  83  APR 


EOITION  OF  1  JAN  73  IS  OBSOLETE. 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  Of  THIS  FACE 


The  Final  Technical  Report  is  organized  as  fellows: 


Volume  I  Project  Overview  and  Technical  Summary 

FTR1 1051 0000U,  29  June  1984 


Volume  II 

Volume  II.  Part  1 
Volume  II,  Part  2 
Volume  II.  Part  3 
Volume  II,  Part  4 
Volume  II.  Part  5 
Volume  II.  Part  6 

Volume  III 


Establishment  of  the  Factory  of  the  Future  Conceptual  Framework 

Scoping  Document  { SO) .  SD  1  10512000.  25  March  1982 
Needs  Analysis  Document  (NADI.  NAD1 1051 2000,  10  May  1982 
State  of  the  Art  Document  (SADI.  SADI  10512000.  20  September  1982 
System  Requirements  Document  (SRDI,  SRD 1 1 051 2000.  3  March  1983 
System  Specification  Document  (SSL  SS  110512000.  14  October  1983 
Conceptual  Framework  Document.  MMR1 1 051  2000.  10  February  1984 
Intogratod  Composite  Center  Requirements  and  Preliminary  Design 


Volume  III.  Part  1 
Volume  III.  Part  2 
Volume  III.  Part  3 
Volume  III,  Part  4 
Volume  III.  Part  5 
Volume  III,  Part  6 
Volume  III.  Part  7 
Volume  III.  Part  8 
Volume  111.  Part  9 
Volume  III.  Part  10 


Scoping  Document  (SD).  SD  110511000,  30  June  1 982 
Needs  Analysis  Document  (NADI,  NAD1 1051 1000.  30  April  1982 
System  Environment  Document  (SED),  SED1 10511  000.  3 1  May  1  982 
State-of-the  Art  Document  (SAO).  SAD11051  1000,  31  May  1982 
System  Requirements  Document  (SRDI.  SRD1 1 05 1 1 000,  3 1  July  1982 
System  Specification  Document  (SS).  SS  110511 000.  30  November  1  982 
System  Design  Specification  Document  (SDS),  SDS1 1051 1000,  28  February  1983 
Development  Specification  Document  (DS).  DS  1  1051 1000.  30  June  1983 
System  Test  Plan  Strategy  (STPI.  STP1 10511  000,  31  August  1983 
Implementation  Plan  Strategy  (IP).  IP  110511000.  31  October  1983 


Volume  IV 

Volume  IV, 
Volume  IV. 
Volume  IV. 
Volume  IV. 
Volume  IV. 
Volume  IV, 

Volume  V 
Volume  VI 


Quality  Assurance/Quality  Control/Technical  Requirements/Tasks 
Quality  Assurance  Modeling  and  Analysis 

Part  1  Scoping  Document  (SD),  SD  1 10513000.  28  January  1982 

Part  2  Neods  Analysis  Document  WAD).  NAD1 1 05 1 3000,  24  June  1982 

Part  3  System  Environment  Document  (SEDI.  SED  1 1 05 1  3000.  31  August  1983 

Part  4  System  Requirements  Document  (SRDI,  SRD  1 1 051 3000.  24  September  1982 

Par-  5  Architecture  (or  Product  Assurance.  TTD1 10513000,  10  January  1984 

Part  6  Quality  Assurance  Program  Management  Standard  Recommendations  (ISP). 

ISP1  10513000.  18  August  1982 

Benefits  Tracking,  Technology  Transfer  and  Marketing  Strategy  for  Factory  of 
the  Future  Concepts,  (TTD),  TTD1 10510001,  29  June  1984 

Recommendations  for  Factory  of  the  Future  Development  Projects  (TTD), 
TTD1 10510002,  29  June  1984 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  FACE 


PTR110510000U 
29  June  1984 


FOREWORD 

This  Final  Technical  Report  (FTR),  was  developed  under  Air  Force  Contract 
#P33615-81-C-5119,  Project  Priority  1105,  entitled  "ICAM  Conceptual  Design  for 
Computer  Integrated  Manufacturing."  This  contract  was  sponsored  by  the 
Computer  Integrated  Manufacturing  Branch,  Manufacturing  Technology  Division, 
Materials  Laboratory,  Air  Force  Wright  Aeronautical  Laboratories,  Air  Force 
Systems  Command,  Wr ight-Patterson  Air  Force  Base,  Ohio,  45<>23.  This  project 
was  administered  under  the  technical  direction  of  Captain  Ricnard  R.  Preston. 

This  document.  Volume  I,  of  the  Final  Technical  Report,  contains  the 
Project  Overview  and  Technical  Summary  for  the  ICAM  Conceptual  Design  for 
Computer  Integrated  Manufacturing  Project. 

The  results  of  this  project  have  been  achieved  by  a  coalition  of  companies 
organized  and  managed  under  the  leadership  of  the  prime  contractor,  Vought 
Corporation,  with  Mr.  Don  L.  Norwood  providing  primary  overall  contract 
leadership  and  management  responsibility  (TASK  A).  Other  Task  leaders  were: 

1.  Mr.  Robert  L.  Horaski ,  Vought  Corporation,  responsible  for  leadership 
and  management  of  the  Factory  of  the  Future  Conceptual  Framework.  Thrust 
(TASK  B) . 

2.  Mr.  Frank  E.  Sullivan,  Northrop  Corporation,  responsible  for  leadership 
and  management  of  the  Integrated  Composites  Center  Conceptual  and 
Preliminary  Designs  (TASK  C  and  TASK  E) . 

3.  Mr.  Robert  H.  Wettach,  General  Electric  Company,  responsible  for 
leadership  and  management  of  the  Quality  Assurance  Modeling  and 
Analysis  Thrust  (TASK  D) . 

The  other  major  participating  companies  of  the  coalition  were: 

o  D.  Appleton  Company,  Inc.  (DACOM) 

o  General  Dynemics/Fort  Worth 

o  Hughes  Aircraft  Company 

o  Illinois  Institute  of  Technology  Research  Institute 

o  SofTech,  Inc. 

In  addition  to  the  major  coalition  participants,  the  following  companies 
and  organizations  served  as  reviewing  participants  on  one  or  more  project 
thrusts: : 
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o  Battelle  Columbus  Laboratories 
o  Baughman  Consulting 
o  Bell  Helicopter 
o  Bendix  Corporation 
o  Boeing  Aerospace  Company 
o  Boeing  Commercial  Airplane  Co. 
o  Boeing  Computer  Services  Company 
Division 

o  Boeing  Military  Airplano  Co. 
o  Cincinnati  Milacron  Incorporated 
o  Douglas  Aircraft 
o  Fairchild  Republic  Co. 
o  General  Electric: 

Aerospace  Electronic  Systems,  Utica 
Aircraft  Engine,  Evendale 
Simulation  and  Control  Systems, 
Daytona  Beach 
Ordnance,  Pittsfield 
Military  Electronic  Systems, 
Syracuse 

Re-entry  Systems,  Philadelphia 
Aerospace  Control  Systems 
Binghamton 

o  Goldsworthy  Engineering 
o  Grumman  Aerospace  Corporation 
o  Honeywell,  Inc. 

o  HQ  Aeronautical  Systems  Division 


o  HQ  Air  Force  Contract  Management 
o  HQ  Armament  Division  (AFSC) 
o  HQ  Arnold  Engineering  and  Development 
o  HQ  Ballistic  Missile  Office  (AFSC) 
o  HQ  Defense  Logistics  Agency 
o  HQ  Naval  Air  System  Command 
o  HQ  Space  Division 
o  HQ- NASA 

o  Hughes  Helicopter 
o  Ingersoll  Milling  Machine  Co. 
o  Lockheed  Georgia  Company 
o  Lear  Siegler,  Inc. 
o  Lockheed  Missiles  and  Space  Co. 
o  Martin  Marietta 
o  McDonnell  Aircraft 
o  NASA 

o  Office  of  the  Undersecretary  of 
Defense 

o  Research  Triangle  Institute 
o  Rockwell  International 
o  Sikorsky  Aircraft 
o  TRW,  Inc. 

o  Texas  A&M  University 
o  Texas  Instruments  Incorporated 
o  U.S.  Army,  DARCOM 
o  United  Technologies  Corp. 


Note  that  the  number  and  date  in  the  upper  right  comer  of  each  page  of  this 
document  indicates  that  this  Document  has  been  prepared  according  to  the  ICAM 
Configuration  Management  Life  Cycle  Document  Requirements  and  is  a  designated 
configuration  item. 


FTR110510000U 
29  June  1984 


TABLE  OF  CONTENTS 


Section  Title  Pane 

1.0  INTRODUCTION . . 1-1 

1.1  Project  1105  Objectives . 1-2 

1.2  Hajor  Frojcct  1105  7ask3 . 1-2 

1.3  Project  Approach . 1-3 

1.4  Project  Time  Span  Chart . 1-3 

1.5  List  of  Project  1105  Task  and  Subtasks . 1-4 

1.6  Industry  Coalition . 1-5 

1.7  Project  1105  Contract/Subcontractor  Responsibility . 1-5 

2.0  EXECUTIVE  SUMMARY . 2-1 

2.1  Executive  Summary,  Establish  Project  Master  Plan  and 

Schedule  (Task  A) . 2-2’ 

2.2  Executive  Summary,  Establish  Factory  of  The  Future 

Conceptual  Framework  (Task  B) . 2-2 

2.3  Executive  Summary,  Establish  Integrated  Composites 

Center  Conceptual  Design  (Tasks  C  and  E) . 2-9 

2.4  Executive  Summary,  Establish  Quality  Assurance/Quality 

Control  Technical  Requirements  Tasks  (Task  D) . 2-11 

2.5  Conclusion . 2-12 

3.0  PROJECT  ACCOMPLISHMENTS  BY  WORK  BREAKDOWN  STRUCTURE . 3-1 

3.1  Establish  Master  Plan  and  Schedule  (WBS  4.1:  Phase  1, 

Task  A) . 3-2 

3.2  Task  B,  Factory  of  the  Future  Conceptual  Framework 

(WBS  4.2:  Phase  II;  Option  1) . 3-2 

3.2.1  Scope  the  Technical  Effort  and  Identify  the  Needs 

(WBS  4.2.1:  Task  B) . . . 3-3 

3.2.2  Establish  Improvement  Concepts  (WBS  4.2.2: 

Task  B) . 3-13 

3.2.3  Detail  Factory  of  the  Future  concepts  (WBS  4.2.3: 

Task  B) . . . 3-26 

3. 2. 3.1  Establish  Factory  of  the  Future  System 

Specification  (WBS  4. 2. 3.1:  Task  B) . 3-26 

3. 2. 3. 2  Establish  Factory  of  the  Future  Conceptual 

Framework  (WBS  4. 2. 3. 2:  Task  B) . 3-29 

3.2. 3.3  Analyze  Factory  Framework  Centers  and 
Subsystems  Interactions  (WBS  4.2.3- 3: 

Task  B) . 3-30 


table  of  cobrrztrrs 


Section 


Title 


3.3  Establish  Integrated  Composite  Center  Conceptual 

Requirements  (UBS  4.3:  Phase  I(  Task  C) . 3-31 

3.3.1  Establish  Integrated  Composites  Center  Scope 

(UBS  4.3.1:  Task  C) . 3-32 

3.3.2  Establish  Heeds  Analysis  (UBS  4.3.2:  Task  C) . 3-32 

3. 3. 2.1  Background . 3-32 

3. 3. 2. 2  Requirements . 3-36 

3. 3. 2. 2.1  Improved  Laminating  Techniques . 3-36 

3. 3. 2. 2. 2  Improved  Bagging  Materials  and 

Techniques . 3-37 

3. 3. 2. 2. 3  Improved  "Up  Front”  Design, 

Manufacturing,  QA  Interface. .. .3-38 

3. 3. 2. 2. 4  Improved  Curing  Procedures . 3-38 

3. 3. 2. 2. 5  Improved  Material  and  Material 

Forms . 3-38 

3. 3. 2. 2. 6  Better  Tooling . 3-39 

3. 3. 2. 2. 7  QA/QC/NDT  Improvements  and 

Enhancements . 3-40 

3. 3. 2. 2. 8  Human  Factors . 3-40 

3. 3. 2. 2. 9  Trim  and  Drill  Enhancements. .. .3-41 

3.3.2.2.10  Material  Handling  Material 

Kitting . 3-41 

3.3.2.2.11  Manufacturing  Planning  and 

Control . 3-42 

3.3.2.2.12  Shop  Floor  Control. . 3-42 

3.3.2.2.13  Integral  Structures . 3-43 

3.3.2.2.14  Automated  Design  Tools . 3-43 

3. 3. 2. 3  Prioritized  Heeds . 3-44 

3.3.3  Complete  Current  Practice  Understanding 

(UBS  4,3. 3 : Task  C) . . 3-44 

3. 3. 3.1  Facilities . 3-45 

3. 3. 3. 2  Manufacturing  Process . . 3-45 

3. 3. 3. 3  Materials . 3-47 

3. 3. 3. 4  Information  Model . 3-47 

3.3. 3.5  IDEF0  Activity  Model . 3-47 

3.3.4  Formulate  Improvement  Concepts  (UBS  4.3.4: 

Task  C) . . 3-50 

3.3.5  Define  Integrated  Composites  Center  System  Concepts 

(UBS  4.3.5:  Task  C) . 3-50 

3.3.6  Produce  "TO-BE”  Integrated  Composites  Center 

Systems  Requirements  Document  (UBS  4.3.6:  Task  C).3-51 

3. 3. 6.1  Composite  Laminating  Requirements . 3-51 

3. 3. 6. 2  Filament  Winding . 3-52 

3. 3. 6. 3  Pultrusion . 3-53 


vi 


FTR11051000GU 
29  June  1984 


Section 


TABLE  OF  CONTESTS 
Title 


Pane 


3. 3. 6. 4  Braiding . 3-53 

3.  3. 6. 5  Centrifugal  Casting . 3-53 

3. 3. 6. 6  Requirements  for  Composite  Bagging . 3-53 

3.3.6. 7  Requirements  for  the  Design/Manufacturing/ 

Quality  Assurance  Interface . 3-54 

3. 3. 6. 8  System  Requirements  for  Composite  Curing.. 3-55 

3. 3. 6. 9  Requirements  for  Composite  Materials . 3-55 

3.3.6.10  Requirements  for  Composite  Tooling . 3-56 

3.3.6.11  System  Requirements  for  Quality  Assurance 

and  Control . 3-57 

3.3.6.12  System  Requirements  for  Human  Factors . 3-57 

3.3.6.13  Requirements  for  Trimming  and  Drilling  of 

Composites . 3-59 

3.3.6.14  System  Requirements  for  Material  Handling/ 

Kitting . 3-60 

3.3.6.15  Requirements  for  a  Manufacturing  Planning 

and  Control  System . 3-60 

3.3.6.16  Requirements  for  a  Composites  Shop  Floor 

Control  System . 3-61 

3.3.6.17  Inventory  Management . 3-61 

3.3.6.18  Requirements  Generation  and  Order  Writing. 3-61 

3.3.6.19  Work  In-Process  Control . 3-62 

3.3.6.20  Personnel  Management . . 3-62 

3.3.6.21  Tool  Management . 3-62 

3.3.6.22  Facilities  Management . 3-63 

3.3.6.23  Quality  Assurance  Management . 3-63 

3.3.6.24  Queue  Management . 3-63 

3.3.6.25  Information  Management . 3-64 

3.3.6.26  Contingency  Management . 3-64 

3.3.6.27  Integration  Management . 3-65 

3.3.6.28  System  Requirements  for  Integral 

Structures . 3-65 

3.3.6.29  System  Requirements  of  Automated  Design 

Tools . 3-65 

3.3.6.30  Estimated  Costs  and  Benefits . 3-66 

3.3.6.31  Requirements  Prioritization . 3-66 

3.3.6.32  Appendices . -..3-67 

3.3.7  Preliminary  Design  Subplan  (WBS  4.3.7:  Task  C)....3-67 

3.3.8  Produce  Preliminary  Design  (WBS  4.3.8:  Task  E; 

Phase  III,  Option  II . 3-67 

3. 3. 8.1  Refine  and  Detail  Requirements 

(WBS  4. 3. 8.1:  Task  E) . 3-68 

3. 3. 8. 1.1  Overview  of  General  System 

Specifications . 3-69 


vii 


FTR110510000U 
29  June  1984 


Section 


TABLE  OF  CONTENTS 
Title 


Page 


3-3. 8. 1.2  Northrop's  Integrated  Composites 


Center . 3-70 

3. 3. 8. 1.3  Vought's  Integrated  Composites 

Center. . . . . 3-72 

3. 3. 3. 1.4  General  Dynamics*  Integrated 

Composites  Center . 3-72 

3. 3. 8. 2  Design  Integrated  Composite  Center  System 

(UBS  4- 3. 8. 2:  Task  E) . 3-76 

3. 3. 8. 2.1  ICC  Overview . 3-77 

3. 3. 8. 3  Produce  TO-BE"  Integrated  Composite 

Center  Models  (WBS  4. 3. 8. 3:  Task  E) . 3-78 

3. 3. 8. 3.1  Northrop *s  Integrated  Composites 

Center . 3-78 

3. 3. 8. 3. 2  Vought’s  Integrated  Composites 

Center . 3-88 

3. 3. 8. 3. 3  General  Dynamics'  Integrated 

Composites  Center .  ...3-96 

3. 3. 8. 3. 4  General  Electric's  Integrated 

Composites  Center . 3-106 

3. 3. 8. 4  Produce  "TO-BE"  Integrated  Composite 

Center  System  (WBS  4. 3. 8. 4:  Task  E) . 3-106 

3. 3. 8. 5  Conceptualize  and  Document  Integrated 
Composites  Center  System  Configuration 

(WBS  4. 3. 8. 5:  Task  E) . 3-109 

3. 3. 8. 6  Establish  Integrated  Composites  Center 

System  Test  Plan  (WBS  4. 3. 8. 6:  Task  E) . . 3-121 

3. 3. 8. 7  Produce  Configuration  (WBS  4. 3. 8. 7: 

Task  E) . 3-125 

3.4  Quality  Assurance/Quality  Control/Technical  Requirements/ 

Tasks  (UBS  4.4.1:  Task  D) . 3-146 

3.4.1  Establish  QA./QC  Project  Plan  and  Schedule 

(WBS  4.4.1:  Task  D) . 3-148 

3.4.2  Understand  the  Problem  Using  the  HFGO,  MFG1,  DESO 

and  DES1  Architecture  (WBS  4.4.2:  Task  D) . 3-148 

3. 4. 2.1  Perform  Needs  Analysis  (WBS  4. 4. 2.1: 

Task  D) . 3-151 

3. 4. 2. 2  Establish  "AS-IS"  Environment 

(UBS:  4. 2. 2. 2:  Task  D) . 3-155 

3. 4. 2. 3  Establish  the  "AS-IS"  Composite  QA/QC 

Models  (WBS  4. 4. 2. 3:  Task  D) . 3-156 

3. 4. 2. 4  Establish  "AS-IS”  Architecture  Interface 

(WBS  4. 4. 2. 4:  Task  D) . 3-168 

3. 4. 2. 5  Establish  Improvement  Concepts 

(WBS  4. 4. 2. 5:  Task  D) . 3-168 


viii 


FTR110510000U 
29  June  1984 


TABLB  OF  CONTESTS 

Section  Title  Page 

3.4.3  Establish  QA/QC  Manual  (WBS  4.4.3:  Task  D)  .  . . 3-174 

3.4.4  Establish  Product  Assurance  Program  Standard 

(WBS  4.4.4:  Task  D) . . . 3-177 

3.5  Special  Considerations  (WBS  6.0) . 3-179 

3.5.1  Industry/Govemment  Debriefing  (WBS  6.2) . 3-179 

3.5.2  Annual  ICAM  Industry  Day  Participation  (WBS  6.8). ..3-179 

4.0  REFERENCE  DOCUMENTS .  4-1 


4.1  Abstracts  of  Approved  Life  Cycle  Documents . 4-2 

4.1.1  Task  B  Approved  Life  Cycle  Documents . 4-2 

4.1.2  Task  C  and  E  Approved  Life  Cycle  Documents . 4-3 

4.1.3  Task  D  Approved  Life  Cycle  Documents . 4-6 

4.2  Displays . 4-10 

4.3  Ordering  Life  Cycle  Documents . 4-11 


APPENDIX  A  FACTORY  OF  THE  FUTURE  CONCEPTUAL  FRAMEWORK  REVIEW . A-l 

APPENDIX  B  DOCUMENT  REQUEST  FORMS . B-l 


ix 


PTR110510000U 
2*  June  19B4 


Figure 


LIST  OF  FICUBES 
Title 


1-1  Technical  Requiremer.ts/Tasks . 1-3 

1-2  IDEF0  Model  of  Project  1105 . 1-3 

1-3  Time  Span  Chart . . . 1-4 

1-4  Project  1105  Organization  Chart . < . 1-6 

1-5  Contractor/Subcontractor  Responsibility  for  Project  1105 . 1-6 

3-1  Task  A  Objective  by  WES . 3-2 

3-2  Task  B  Objectives  by  WBS . .3-3 

3-3  factory  of  the  Future  Framework . 3-5 

3-4  Factory  of  the  Future  Framework . 3-9 

3-5  FoF/AO  Diagram . 3-10 

3-6  Technological  Heeds . 3-11 

3-7  Task  B  State  of-the-Art  Doiument . 3-14 

3-8  Applications  Technology  Matrix . 3-17 

3-9  Technology  Voids  Matrix . . . 3-18 

3-10  Task  C  Objectives  by  WBS . 3-31 

3-11  ICC/1-0  Diagram . 3-35 

3-12  Composites  Center  Floor  Layout . 3-46 

3-13  I0EF1  FEO:  Work  Package  Control . 3-48 

3-14  IDEF1  Information  View:  Composite  Product  Manufacturing . 3-49 

3-15  Task  E  Objectives  by  WBS . 3-68 

3-16  Borthrop's  Integrated  Composites  Center . . . 3-71 

3-17  Integrated  Processing  System . 3-73 

3-18  Integrated  Composite  Center  Interface . 3-74 

3-19  ICC  Arrangement . . . 3-75 

3-20  Generic  Example  -  ICC  Layout . 3-79 

3-21  Physical  Factory/ICC  Interface . . . . . 3-80 

3-22  IDEF  (FEO)  Activity  Model  of  the  ICC . 3-81 

3-23  ICC  Factory  Systems  Interface . 3-85 

3-24  Borthrop’s  Integrated  Composite  Center  Configuration  Items . 3-87 

3-25  Vought’s  Factory  Level  Concept  . 3-86 

3-26  Produce  Composite  Structures  (Vought) . 3-90 

3-27  Integrated  Composite  Center  Function  Interface . 3-91 

3-28  Integrated  Composite  Center  Control  Systems . 3-94 

3-29  GD/FW  ICC . j-98 

3-30  ICC  Hierarchical  Control  Structure.... . 3-100 

3-31  Systems  Supporting  the  Integrated  Composites  Center . 3-104 

3-32  Control  Centers  (Environment) . 3  107 

3-33  Plan  Composite  Production . 3-108 

3-34  Block  Diagram  of  the  Cells/Systems  that  are  to  be  Implemented 

in  the  Generic  Integrated  Composites  Center . 3-110 

3-35  ‘  Implementable  Configuration  Items  for  the  Ceneric  Lamination 

Cell . 3-111 

3-36  Implementation  Plan  Concepts . 3-112 

3-37  Three  Level  Implementation  Strategy . . . 3-114 

3-38  ICC  Implementation  Organizational  Structure . 3-115 


X 


rranosioooou 

29  June  1984 


figure 


LIST  OF  FIGURES  (Continued) 
Title 


Page 


3-39  Northrop  ICC  Implementation  Schedule . 3-117 

3-40  Vought  ICC  Implementation  Plan . 3-118 

3-41  GD/FW  ICC  Implementation  Schedule . 3-119 

3-42  Configuration  Item  Test  Plow . 3-122 

3-43  Function  Flow . 3-123 

3-44  Block  Diagram  of  Test  Program  for  Generic  ICC  by  Prime 

Configuration  Items  (Not  to  Scale) . 3-124 

3-45  Process  Flow  Diagram . 3-127 

3-46  Specification  Tree  Indicating  the  Major  Configuration  Items  in 

the  "TO  BE"  Integrated  Composites  Center . . . 3-128 

3-47  Generic  Laminating  Cell . 3-130 

3-48  Laminating  Cell  Conf iguratioi.  Items . 3-131 

3-49  Ply  on  Ply  Configuration  Items . 3-132 

3-50  Specif icaion  Tree  of  the  Bagging  Cell . 3-133 

3-51  Specification  Tree  -  Curing  Cell . 3-13* 

3-52  Specification  Tree  -  Trim  and  Drill  Cell . 3-135 

3-53  Specification  Tree  -  Test  and  Inspection  Cell . 3-136 

3-54  Specification  Tree  -  Subassembly  Cell . 3-137 

3-55  Specification  Tree  -  Rework  Cell . 3-138 

3-56  Tool  Preparation  and  Quick-Fix  Cell . 3-139 

3-5?  Specification  Tree  -  Material  Handling  System . 3-140 

3-5f.  Specification  Tree  -  Design  Composites  Structures.. . 3-141 

3-59  Engineering/Manufacturing/Quality  Assurance  Interface  Network. . 3-142 

3-60  Specification  Tree  -  ICC  Management  System . 3-143 

3-61  Composite  Management  System  Models . 3-144 

3-62  Task  D  Objectives  by  WBS . 3-147 

3-63  Baseline  Assure  Quality  Model . 3-149 

3-64  AO  Diagram  -  Assure  Quality . 3-150 

3-65  Documents  Produced  on  Task  D . 3-152 

3-66  Completed  QA/A0  Structured  Needs  Matrix . 3-153 

3-67  General  Dynamics  IDEF0  Function  Model  of  Electronic 

Fabrication  QA/QC  Test  and  Inspect . 3-157 

3-68  Factory  View  of  Northrop’s  Generic  QA/QC  Function . 3-158 

3-69  Northrop 's  Architecture  of  Its  QA/QC  Functions  in  the 

Composite  Area . 3-159 

3-70  Chemical  Tests  Performed  on  Prepreg  Material . 3-160 

3-71  Physical  Tests  Performed  on  Prepreg  Material . 3-161 

3-72  Vought's  Model  of  its  Generic  QA/QC  Functions . 3-162 

3-73  Perform  Sheet  Metal  and  Extrusion  Inspection . 3-163 

3-74  Perform  Machined  Part  Inspection  and  Test . 3-164 

3-75  Perform  Assembly  Test,  Inspection  and  Acceptance . 3-165 

3-76  QA/QC  Composite  View  Architecture . 3-166 

3-77  Entity  Class  Function  View . 3-167 

3-78  Generic  Product  Quality  Interface  Architecture . 3-169 

3-79  QA0  -  Integration  with  KFC0 . 3-170 

3-80  QA0  -  Integration  with  DES0 . ....3-171 

3-31  QA0  -  Node  Chart . 3-172 


xi 


FTR110510000U 
29  June  1984 


Figure 


LIST  OF  FIGURES  (Concluded) 


Title 


Page 


3-82  Perform  Test ,  Inspect  and  Evaluation  (FEO) . 3-173 

3-83  QA/QC  Key  Areas  of  Heed . - . 3-175 

3-84  Improvement  Concepts  Example . 3-176 

3-85  Product  Assurance  Program  Standard  -  Approach  Summary . 3-178 


t 1ST  OF  TABLES 


Table  Title  Page 

1-1  List  of  Project  1105  Tasks  and  Subtasks . 1-5 


3-1  Environment  of  ICC  Conceptual  Design . 3-33 

3-2  Physical  Functions  of  the  ICC . 3-34 

3-3  Integrated  Composites  Center  Functions . 3-34 

3-4  Tooling  Material  Comparisons . 3-58 


xii 


PTB110510000U 
29  June  1984 


SECTION  1.0 
INTRODUCTION 


SECTION  1.0 
INTRODUCTION 


FTR110510000U 
29  June  1984 


1.1  PROJECT  1105  OBJECTIVES  . 

riv  s 

— O  There  were  three  major  objectives  to  be  accomplished  on  -the  "Conceptual 
Design  for  Computer  Integrated  Manufacturing"  contract: 

w'  (1)  The  Factory  of  the  Future^FoF)  Conceptual  Framework  (Task  B)  had 
three  specific  overall  objectives: 

r-To  develop  a  strategy  to  achieve  a  computer-integrated  framework 
concept  that  integrates  all  major  activites  (e.g..  Design, 
Marketing,  QA/QC,  Product  Support,  Manufacturing  Planning,  etc.); 

O  g 'To  establish  an  overall  Conceptual  Framework  that  will  describe 
these  integrated  activities; 

r^.»0  To  create  an  aerospace  enterprise  framework  structure  that 

serves  as  a  baseline  for  computer-integrated  manufacturing  (CIH)^ 
initiatives  through  the  year  1995. 

(2)  The  Integrated  Composites  Center  (Tasks  C/E)  had  has  its  objective 
the  acceleration  and  modernization  of  composites  manufacturing  operations. 

Task  efforts  were  devoted  to  establishing  preliminary  designs  and 
specifications  for  a  computer  aided  composites  manufacturing  center  that 
integrates  all  activities  required  to  produce  composite  aircraft  structures. 

(3)  In  the  Quality  Assurance  Modeling  and  Analysis  (Task  D)  effort,  the 
objective  was  to  identify  computer  integrated  technologies  that  would  allow 
the  aerospace  industry  tc  reduce  product  costs  while  maintaining  traditionally 
high  quality  standards.  ^ 

1.2  MAJOR  PROJECT  1105  TASKS 


The  major  tasks  which  were  to  be  accomplished  on  this  project  are  shown 
in  Figure  1-1. 

1.3  PROJECT  APPROACH 

All  major  task  coalition  teams  of  Project  Priority  1105  pursued  their 
objectives  using  the  proven  four  phased  ICAM  Life-Cycle  approach  to  systems 
development.  This  phased  task  approach  of  study,  design,  and  implementation 
has  been  successfully  used  to  implement  specific  technologies  in  firms 
throughout  the  country.  The  USAF  ICAM  IDEF  (I  for  ICAM,  DEF  for  definition) 
modeling  methodologies  for  function  (IDEF0)  and  information  (IDEF1)  were 
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The  following  tasks  shell  he  accomplished' 

Task  A  Establishment  of  the  Master  Plan  and  Schedule  f paragraph  4.  J). 

Task  8  Esiabbsn  merit  of  the  Factory  of  the  Future  Conceptual  Framework 
(paragraph  4  2)  (Option  7) 

Task  C  Establishment  of  the  Integrated  Composites  Center  Requirements 
Definition  and  Conceptual  Design  (paragraph  4.3). 

Task  0  -  Estahf.shivent  of  the  "AS  IS"  Architecture  of  QA  DC  Functions 

( paragraph  4.4.21.  Establishment  of  the  ICAM  Quality  Assurance  Manual 
(paragraph  4.4.3)  anri  a  Product  Assurance  Program  Standard 
(paragraph  4.4.4). 

Task  E  Establishment  of  the  Integrated  Composites  Center  Preliminary 
Design  and  System  Specification  Document  f paragraph  4.3.8). 

( Option  2) 


Figure  1-1.  Technical  Requirements/Tasks 

used  by  all  three  tasks  of  this  project.  Figure  1-2  is  an  IDEF0  model 
depicting  the  function  relationships  that  existed  been  the  major  project 
tasks.  Of  key  importance  is  the  incorporation  of  other  than  ICAM 
manufacturing  data  and  the  feedbacks  from  Task  C  (the  Integrated  Composites 
Center  Conceptual  Design)  and  Task  D  (the  QA/QC  effort)  to  Task  B  (the  Factory 
of  the  Future  Framework) . 


Figure  1-2.  IDEF0  Model  of  Project  1105 
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1.4  PROJECT  TIME  SPAM  CHART 

A  time  span  chart  is  shown  in  Figure  1-3  which  establishes  when  the  major 
project  tasks/options  are  to  be  accomplished. 


Figure  1-3.  Time  Span  Chart 


1.5  LIST  OF  PROJECT  1105  TASKS  AND  SUBTASKS 

Because  of  the  complexity  of  project  1105,  a  complete  list  of  the  project 
technical  requirements  and  tasks  are  shown  in  Table  1-1  as  they  appear  in  the 
contract  Statement  of  Work  (SOW). 

1.6  INDUSTRY  COALITION 

The  Vought-led  coalition  was  a  results-oriented  team  of  manufacturing 
specialists  with  the  diversity  of  skills  and  experience  necessary  to 
successfully  accomplish  the  goals  of  the  project.  The  team  possessed 
demonstrated  manufacturing  and  QA/QC  expertise.  During  the  course  of  the 
project,  it  proposed  many  innovative  solutions  to  previously  identified  ICAM 
problems.  The  coalition  also  included  an  experienced  group  of  technical 
consultants  and  advisors  who  complemented  the  resources  of  the  major 
contiactors.  Figure  1-4  shows  the  coalition  organization. 

1.7  PROJECT  1105  CONTRACTOR/ SUBCONTRACTOR  RESPONSIBILITY 

An  overview  of  the  entire  coalition  responsibilities  an  approach  to 
Project  1105  is  provided  in  Figure  1-5. 
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TABLE  1-1.  LIST  OF  PROJECT  1105  TASKS  AJ fD  SUBTASKS 


4.0  TECHNICAL  REQUIREMENT/TASKS 


4.1  Phase  I ,  Task  A,  Establish  Master  Plan  and  Schedule 

4.2  Phase  II  (Option  1),  Task  6,  Factory  of  the  Future  Framework  (FOF) 

4.2.1  Scope  the  Technical  Effort  and  Identify  Nerds 

4.2.1. 1  Scope  the  Technical  Effort 

4.2  1.2  Identify  Needs 

4.2.2  Establish  Improvement  Concepts 

4. 2. 2.1  Evaluate  Improvement  Concepts  from  Existing  Systems 

4. 2. 2. 2  State-of  the-Art  Investigation 

4. 2. 2. 3  Document  Systems  Requirements 

4.2.3  Detail  Factory  of  the  Future  Concepts 

4. 2. 3.1  Establish  Factory  of  the  Future  System  Specification 

4.2. 3. 2  Establish  Factory  of  the  Future  Framework 

4  2.3.3  Analyze  Factory  Framework.  Centers  and  Subsystems  Interactions 

4. 2. 3. 4  Economic  Benef.t  Analysis 

4.2.4  Summarize  Factory  of  the  Future  Results 

4.3  Phase  I  Task  C,  Establish  Integrated  Composite  Center  Conceptual 

Requirements 

4  3  1  Establish  Integrated  Composites  Center  Scope 

4.3.2  Complete  Needs  Analysis 

4.3.3  Complete  Current  Practice  Understanding 

4.3.4  Formulate  Improvement  Concepts 

4.3.5  Dehne  Integrated  Composites  Center  System  Concepts 

4.3.6  Produce  "TO  BE*'  Integrated  Composites  Center  System  Requirements 

Document 

4.3.7  Preliminary  Design  Subplan 

4.3.8  Phase  III  (Option  2),  Produce  Preliminary  Design 

4.3.8. 1  Retme  and  Detail  Requirements 

4.3  8.2  Design  Integrated  Composite  Center  System 

4. 3. 8. 3  Produce  "TO  BE"  Integrated  Composites  Center  Models 

4.3.8  4  Produce  "TO  BE"  Integrated  Composites  Center  System 

4.3. 8. 5  Conceptualize  and  Document  Integrated  Composites  Center 

System  Configuration 

4. 3. 8.6  Establish  Integrated  Composite  Center  System  Test  Plan 

4.3.8. 7  Produce  Configuration  Item  Identification 

4.4  Phase  f.  Task  D.  Quality  Assurance/Ouaiity  Control/Technical 

Requirements/Tasks 

4.4.1  Establish  QA  'QC  Project  Plan  and  Schedule 

4.4.2  Understand  the  Problem  Using  the  MFG  O.  MFG  1,  DES O  and  DcS  1 

Architecture 

4.4.2. 1  Perform  Needs  Analysis 

4  4  2.2  Establish  "AS  IS"  Environment 

4.4.2  3  Establish  the  "AS  IS"  Composite  QA/QC  Models 
A.a  2.4  Establish  "AS  IS"  Architecture  Interface 
4  ^.5  Establish  Improvement  Concepts 

4.4.3  Establish  QA/AC  Manual 

4.4.4  Establish  Product  Assurance  Program  Standard 
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Figure  1.4.  Project  1105  Organization  Chart 
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SECTION  2.0 
EXECUTIVE  SUMMARY 


2.1  Establish  Project  Master  Plan  and  Schedule  (Task  A) 

The  Project  Master  Plan  and  Master  Schedule  was  finalized  and  implemented 
as  a  management  tool  and  project  roadmap  in  November  1981.  The  Project  Master 
Plan  described  the  project  organization,  assignment  of  responsibilities, 
management  procedures  and  reporting  requirements.  The  Master  Plan  was  revised 
twice  during  the  project  duration. 

The  Project  Master  Plan  and  Master  Schedule  was  instrumental  in  tracking 
and  monitoring  project  progress;  initiation  of  new  tasks  as  well  as 
verification  and  reporting  activities  involving  project  results. 


2.2  Establish  Factory  of  the  Future  Conceptual  Framework  (Task  B) 


Since  its  inception,  the  U.S.  aerospace  industry  has  established  an 
unsurpassed  record  for  developing  high-performance  quality  weapon  systems.  In 
responding  to  the  requirement  for  constantly  improving  product  performance 
this  industry  established  an  enviable  track  record  for  developing  and 
producing  technically  superior  weapon  systems.  This  response,  in  turn,  led  to 
the  development  of  a  "product  performance  at  any  cost"  attitude. 

Advanced  materials  and  structure  technologies  have  evolved  and  have  been 
incorporated  into  new  aerostructure  designs  to  meet  the  demand  for  improved 
products.  In  adapting  these  new  technologies,  the  aerospace  industry  has, 
essentially,  continued  to  pursue  the  challenge  to  develop  superior  products  by 
conducting  business-es-usual. 


This  approach,  coupled  with  economic  constraints,  spiralling  production 
costs,  and  a  nation-wide  decline  in  productivity  have  significantly  increased 
the  costs  of  weapon  systems  over  the  last  15  years.  As  a  result,  this  signals 
an  end  to  the  era  where  costs  could  be  ignored  for  the  sake  of  performance, 
even  when  dealing  with  systems  on  the  cutting  edge  of  technology. 


It  has  now  become  clear  that,  as  a  nation,  we  may  well  be  approaching  a 
time  when  procurement  costs  could  compromise  our  defense  requirements.  Weapon 
system  costs  are  now  being  considered  and  evaluated  equally  with  performance. 


a 

i 


As  one  of  the  primary  customers  for  U.S.  aerospace  products,  the  United 
States  Air  Force  (USAF)  became  increasingly  concerned  with  contemporary  trends 
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in  this  essential  defense  industry.  With  product  costs  isolated  as  the 
deciding  factor  in  new  weapon  system  procurement,  the  USAF  reasoned  that  the 
technology  development  revolution,  which  had  helped  to  escalate  aircraft 
costs,  could  by  the  same  token,  be  applied  to  reduce  aircraft  costs  through 
the  implementation  of  computer  integrated  manufacturing  (CIM)  systems.  To 
this  end,  the  USAF  Integrated  Computer  Aided  Manufacturing  (ICAM)  Program  was 
initiated.  The  ICAM  charter  was  focused  on  the  identification  and  application 
of  manufacturing  technologies  that  offered  productivity  improvement,  cost 
reduction  and  product  quality  enhancement. 

The  creation  of  an  organized  program  (ICAM)  for  encouraging  the  U.S. 
aerospace  industry  to  look  beyond  the  business-as-usual  approach  of  the  1950' s 
for  answers  to  improving  cost  and  productivity  has  proven  quite  successful. 
Numerous  ICAM  projects  have  produced  a  host  of  information  for  improving 
aerospace  manufacturing  through  the  implementation  of  automation  and  computer 
technologies.  These  ICAM  efforts  have  reversed  the  trend  of  increased 
production  costs  and  declining  productivity  at  the  shop  floor  level. 

These  promising,  though  limited  successes,  of  ICAM  developed  technology 
application  coupled  with  the  realization  the  weapon  system  cost  increases 
extended  beyond  the  shop  floor  suggested  that  a  new  way  of  thinking,  a  new  way 
of  doing  business  was  necessary  if  our  aerospace  industry  was  to  survive  in 
the  last  decade  of  the  20th  Century  and  succeed  in  the  21st  Century.  With 
this  realization,  ICAM  established  a  far-reaching  project  comprised  of  tasks 
focused  on  identifying  a  new  order,  a  new  structure  for  the  aerospace  industry. 

In  an  effort  to  capitalize  on  previous  ICAM  project  results  and  to  go 
beyond  the  limited  successes  attained  with  individual  shop  floor  projects, 

ICAM  Project  Priority  1105  "Conceptual  Design  for  Computer  Integrated 
Manufacturing"  was  established.  This  project  was  scoped  to  analyze  the  total 
system  of  the  aerospace  enterprise  and  its  operations;  not  just  the  shop  floor 
and  applicable  manufacturing  technologies.  The  challenge  was  to  examine, 
dissect  and  assess  the  essential  functional  elements  required  to  produce  an 
aerospace  product  and  develop  a  framework  or  guidelines  for  their 
integration!  These  elements  included  Design,  Finance,  Marketing,  QA/QC, 
Manufacturing,  Inventory  Control  and  Product  Support. 

The  resulting  Conceptual  Framework  for  a  Factory  of  the  Future  (FoF)  was 
to  provide  guidelines  for  the  horizontal  integration  (between  functional 
elements)  of  the  aerospace  enterprise  and  the  vertical  integration  of  the 
functional  elements.  To  assure  that  the  resulting  conceptual  Framework  was 
complete,  two  supporting  tasks  (which  in  themselves  were  major  contractual 
efforts)  were  incorporated  into  project  1105.  These  supporting  tasks  further 
defined  two  essential  aerospace  enterprise  entities:  composites  structure 
manufacturing  (Tasks  C/E)  and  QA/QC  (Task  D) ;  they  will  be  discussed 
separately  in  the  following  sections  of  this  Volume  as  well  £  in  full  detail 
in  Volumes  III  and  IV  respectively. 
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To  fulfill  the  aims  of  the  expansive  scope  of  this  task  to  develop  a 
Conceptual  Framework  for  a  FoP,  three  specific  overall  objectives  ware 
established  and  met.  These  objectives  were: 

o  To  develop  a  strategy  to  achieve  a  computer- integrated  framework 
concept  that  will  integrate  all  major  functional  elements  (e.g.. 

Design,  Finance,  QA/QC,  etc.) 

o  To  establish  an  overall  Conceptual  Framework  that  will  describe  these 
integrated  activities 

o  To  create  an  aerospace  enterprise  framework  structure  that  will  serve 
as  a  baseline  for  CIM  initiatives  through  the  year  1995. 

It  is  apparent  that  the  Conceptual  Framework  for  a  FoF  coalition  team  had 
to  address  these  objectives  from  a  perspective  not  used  in  more  conventional 
I CAM  projects.  That  perspective  was  from  the  aerospace  enterprise 
(specifically  the  General  Manager)  point-of-view  as  opposed  to  the  shop  floor 
point-of-view.  Our  resultant  system  view,  was  therefore  of  a  sophisticated, 
complex  social/technological  system  -  the  aerospace  enterprise  -  a  dynamic, 
self-regenerative  entity  that  is  constantly  evolving  and  growing. 

This  redefined  aerospace  enterprise  was  the  result  of  extensive  research 
and  industry  review  of  the  current  conditions,  needs  and  technologies  involved 
in  the  manufacture  of  aero  structures.  Appendix  A  of  this  volume  contains  the 
results  of  a  review  of  project  results  by  a  panel  of  noted  manufacturing  and 
computer  authorities  conducted  in  May  of  1983.  Members  of  this  panel  were: 

o  Mr.  Harvey  Buffum  (independent  consultant) 
o  Dr.  Joseph  Harrington,  Jr.  (Arthur  D.  Little) 
o  Hr.  James  F.  Lardner  (VP  Deere  and  Co.) 
o  Professor  Wickham  Skinner  (Harvard  Business  School) 
o  Mr.  Richard  Spears  (Boeing  Computer  Services  Co.). 

Based  upon  these  research  results  a  Conceptual  Framework  that  effectively 
and  efficiently  integrates  operations  in  the  aerospace  enterprise  was 
established.  This  framework  is  based  upon: 

o  FoF  Generic  Functions 
o  FoF  Functional  Framework 
o  FoF  Integration  Concept 
o  foF  Conceptual  Framework. 
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The  FoF  generic  functions  (figure  2-1)  illustrated  below  in  ICAM  IDEF0 
function  model  format  are  quite  familiar.  In  fact,  they  are  the  same 
functional  elements  that  an  aerospace  enterprise  requires  today.  Our  research 
results  indicate  that  these  generic  functions  will  not  differ  significantly  in 
1995.  However,  our  analysis  did  indicate  that  thie  discrete  mechanisms  for 
performing  these  functions  (e.g..  Design  Engineering,  Manufacturing 
Engineering,  QA/QC,  etc.)  dramatically  change  as  new  computer  techniques  and 
technologies  are  developed  and  implemented. 


*  V 


Figure  2-1  FoF  Generic  Functions 

Once  the  generic  functions  were  identified,  a  functional  framework  for  the 
FoF  environment  was  established  (see  figure  2-2).  This  resulting  structuring 
of  information  and  activity,  as  illustrated,  reflects  a  realignment  of  the 
organizational  structure  within  the  enterprise  based  upon  functional 
relationships.  The  superimposition  of  the  information  network  and  the  factory 
management  function  upon  the  other  functional  elements  emphasizes  the  idea 
that  integrated  management  of  the  FoF  requires  an  effective  and  comprehensive 
information  transfer  network. 
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Figure  2-2  FoF  Functional  Framework 


The  FoF  Integration  concept  evolved  from  the  detailed  analysis  of  needs 
for  the  1995  aerospace  enterprise.  Over  400  distinct  and  separate  needs  were 
identified  for  the  "TO-BE"  aerospace  enterprise.  Once  these  needs  were 
pinpointed,  they  were,  in  turn,  categorized  into  primary  functional  needs 
corresponding  with  the  FoF  Functional  Framework  (See  Figure  2-3). 
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Further  refinement  led  to  the  classification  of  the  identified  needs  in 
seven  major  need  categories.  These  categories  are: 

o  Information  Resource  Management  (IRK) 
o  Factory  Management 
o  Product  Definition  and  Planning 
o  Product  Assurance 
o  Human  Resource  Management  (HRM) 
o  Financial  Management 
o  Materials  Management. 

These  categorized  neecs  provide  the  basis  for  the  functional  integration 
of  all  projected  foF  activities  through  the  1995  time  frame.  These  need 
categories  are  guiding  concepts  for  the  integration  of  aerospace  enterprise 
operations.  As  a  result,  they  are  specifically  applicable  to  all  FoF 
aerospace  functions  and  cannot  be  isolated  from  those  functions.  Figure  2-4 
illustrates  (conceptually)  this  integration  concept. 
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Figure  2-4  FoF  Integration  Concept 
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Combining  the  above  concepts  into  a  simplified  Conceptual  Framework  for  a 
FoF,  results  in  the  framework  illustrated  in  Figure  2-5.  Key  points  to  stress 
are:  1)  that  six  centers  on  this  diagram  directly  relate  to  the  six  generic 
functions  illustrated  in  figures  2-1  and  2-2;  2)  the  common  information  and 
logical  processes  are  representative  of  all  enterprise  knowledge  and 
procedures;  and  3)  the  connecting  lines  represent  the  information  transfer 
network  which  radiates  from  the  information  and  procedures  hub  and  provides 
the  necessary  routes  for  integration  of  the  aerospace  enterprise  functional 
activities. 


CONCEPTUAL  FRAMEWORK 

THE  FRAMEWORK  IS  A  NETWORK  OF 
INTEGRATED  FUNCTION  ACTIVITY  CENTERS 


Figure  2-5  FoF  Conceptual  Framework 

While  the  brief  summary  provides  the  essence  of  our  FoF  Conceptual 
Framework  results,  there  are  numerous  and  varied  details  which  are  vital  to 
understanding  this  Conceptual  Framework.  There  the  reader  is  encouraged  to 
read  section  3.2  of  this  volume  and  Volume  II,  Part  6  of  this  Final  Technical 
Report  which  describes  the  Conceptual  Framework  in  detail. 
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The  use  of  non-metallic  composite  materials  in  the  manufacture  of 
aerospace  structures  has  revolutionized  production  resource,  information  and 
operational  requirements  in  the  aerospace  industry.  Structures  comprised 
primarily  or  entirely  of  composite  materials  are  currently  being  produced  by 
virtually  very  U.S.  aerospace,  company  for  both  military  and  commercial 
aircraft  The  structural  enhancements  of  light  weight,  increased 
survivability  and  low  visibility  offered  by  the  use  of  composites  makes  this 
the  material  choice  for  modifying  existing  aircraft  as  well  as  for 
next-generation  aerostructures .  In  the  future,  composite  materials  will  be 
used  in  primary  aircraft  structures  (wings,  fuselages,  etc.)  as  well  as  their 
current  use  in  secondary  structures. 

However,  even  though  there  is  currently  expanding  use  of  composite 
materials  by  U.S.  aerospace,  present  manufacturing  methods  are  by  and  large 
very  inefficient,  labor  intensive,  and  costly.  The  fabrication  of  composite 
strucutres  in  a  non-automated  manufacturing  environment  poses  a  number  of 
serious  issues  relating  to  current  production  programs  requiring  composites. 

As  the  rate,  complexity  and  size  of  composite  structures  increases  with  the 
design  and  manufacture  of  next  generation  aircraft,  the  current  manual  labor 
and  suboptimal  production  techniques  with  their  corresponding  cost  and  quality 
considerations  will  become  major  stumbling  blocks.  To  meet  the  demands  of 
near-term  and  future  composite  aerostructure  requirements,  the  development  and 
implementation  of  computer  and  automated  technology  planning  and  production 
systems  is  essential. 

In  response  to  this  critical  need,  the  Integrated  Composites  Center  task 
was  included  in  ICAM  Project  1105  with  the  following  objective:  "Establish 
preliminary  designs  and  specifications  for  a  computer-aided  composites 
manufacturing  center  that  integrates  ail  activities  required  to  produce 
composite  components  for  small  and  large  aircraft  structures  in  an  automated 
"paperless"  factory. 

Due  to  the  clearly  stated  emphasis  on  industry-wide  benefits  from  this 
Integrated  Composites  Center  (ICC)  effort,  a  coalition  was  formed  to  create 
the  conceptual  ICC  design.  Ths  approach  provided  the  best  and  most  rapid 
means  to  disseminate  ICC  information  to  interested  aerospace  companies. 

To  enhance  the  validity  and  workability  of  project  data,  coalition  team 
members  completed  individual  site-specific  preliminary  designs  within  their 
aerospace  manufacturing  facilities.  These  individual  efforts  were  then 
refined  and  melded  into  a  collectively  formulated  generic  preliminary  ICC 
design.  Further  enhancements  were  made  to  this  design,  through  the  invaluable 
assistance  and  participation  of  a  number  of  representative  aerospace  firms, 
technical  experts  and  consultants. 
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As  a  result  of  these  efforts,  an  ICC  preliminary  design  was  established 
with  the  following  characteristics: 

o  Conforms  to  an  envisional  1990  manufacturing  environment 

o  Allows  the  production  of  a  variety  of  composite  aircraft  struc'.ures  to 
include: 

-  Secondary  structures,  such  as  doors  and  panels 

-  Primary  strucutres,  such  as  wings  and  fuselages 

-  Specialized  structures  for  fighter  and  transport  aircraft 

o  Facilitates  fabrication  to  the  subassembly  level 

o  Features  material  systems  capable  of  handling: 

-  Graphite/Epoxy 

-  Kevlar 

-  Feberglass 

-  Thermoplastics 

-  Graphite/Polymide 

-  Graphite/Bismaleimide 

o  Offers  reuseable  and  disposable  bagging 

o  Provides  a  multitude  of  curing  operations  including: 

-  Autoclave 

-  Oven 

-  Matched  metal  dies 

-  Conventional  temperature 

o  Includes  other  essential  composite  manufacturing  operations,  such  as: 
Test  and  inspection 

-  Trimming  and  drilling 

-  Specialized  material  handling 
Composite  part  rework 

o  Moves  forward  in  technology  implementation  and  computer  control  with 
systems  such  as  the  Composites  Management  System 

o  Emphasizes  human  factor  considerations  in  special  skills  areas  within 
the  ICC 

-  Composites  Management  System 
Quality  of  Work  Life 

This  brief  summary  provides  an  overview  of  the  ICC  effort.  The  reader 
interested  in  the  detailed  ICC  preliminary  design  is  referred  to  Volume  III, 
Parts  1  through  10  of  this  final  technical  report. 
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2 . 4  Establish  Quality  Assuranca/Ouality  Control  Technical  Requirements  Tasks 
(Task  D) 

The  U.S.  aerospace  industry  has  always  set  a  very  high  priority  on  product 
quality,  reliability,  and  maintainability.  There  are  very  few  item a  produced 
by  other  businesses  that  equal  the  precision,  endurance,  and  performance  that 
are  the  hallmarks  of  aerospace  products.  Unfortunately,  these  self-imposed 
standards  of  product  excellence  have  come  to  the  industry  at  a  high  price. 

In  an  effort  to  improve  the  industry's  cost  efficiency  without 
jeopardizing  its  high  quality  standards,  the  USAF  incorporated  a  quality 
assurance/quality  control  (QA/QC)  task  in  ICAM  Project  Priority  1105  - 
"Conceptual  Design  for  Computer  Integrated  Manufacturing."  The  QA/QC 
challenge  was  to  identify  computer-integrated  technologies  that  would  allow 
the  aerospace  industry  to  reduce  product  costs  while  maintaining  traditionally 
high  quality  standards.  To  this  end,  key  manufacturing  areas  that  could 
contribute  to  product  cost  reductions  through  the  implementation  of  computer 
technologies  without  adversely  affecting  QA/QC  were  identified. 

The  information  developed  in  the  QA/QC  effort  is  applicable  to  a  broad 
range  of  manufacturing  scenarios.  The  project  documentation  (Volume  IV,  Parts 
1  through  6  of  this  final  technical  report)  provides  guidelines  for  the  use 
these  USAF  ICAM  developed  technologies  in  specific  environments.  Of  prime 
importance,  the  data  presented  in  the  "Architecture  for  Product  Assurance" 
(Volume  IV,  Part  5  of  this  technical  report),  offers  a  starting  point  to 
assess  existing  situations,  to  subsequently  identify  corrective  steps,  and  to 
determine  what  levels  of  integration  are  needed  to  assute  quality  and 
productivity  increases  throughout  the  entire  manufacturing  cycle  -  from  design 
and  engineering  to  field  use  of  the  finished  product. 

Much  of  the  application  process  outlined  in  the  "Architecture  for  Product 
Assurance"  has  beer,  undertaken,  completed,  and  "road  tested."  The  path  to 
reducing  costs  and  enhancing  product  quality  through  technology  implementation 
begins  with  a  series  of  critical  questions.  Answers  to  these  questions  within 
the  context  of  a  specific  manufacturing  scenario  lead  to  the  self-analysis 
necessary  to  begin  technology  implementation.  Typical  questions  include: 

o  Are  quality  requirements  and  activities  considered  only  after  the 
design  is  finalized? 

o  Are  there  voids  in  the  quality  system  that,  once  filled,  would  benefit 
customers  as  well  as  the  company? 

o  Are  there  any  obsolete  QA  functions  still  being  used? 

o  Are  there  duplicated  QA/QC  functions^  anywhere  within  the  manufacturing 
cycle? 
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o  Can  the  present  quality  system  accoi.raodate  proposed  changes  such  as: 

-  Introduction  of  new  products? 

-  Addition  of  robotics  to  existing  automation? 

-  Adoption  of  inventory  control  measures  for  "just-in-time" 
material/part  provisioning? 

Introduction  of  CAD/CAM? 

-  Transition  from  a  centralized  computer  system  to  a  distributive 
system? 

If,  within  the  context  of  a  specific  manufacturing  scenario,  the  first 
four  questions  are  answered  "Mo,"  and  the  applicable  sections  of  the  fifth 
question  are  answered  ’'Yes,”  the  the  firm  is  reedy  to  answer  the  ultimate 
question  related  to  this  project  task: 

o  Is  cost-effective  QA/QC  factored  into  the  company's  plans  for 

automation  technology  application? 

The  answer  to  this  query  can  ultimately  be  obtained  through  the  use  of  the 
modeling  and  analysis  tools  developed  as  a  result  of  this  QA/QC  task.  These 
tools  are  presented  in  detail  in  Volume  IV  of  this  report. 

Based  upon  reported  applications  and  successful  uses  of  this  projects 
results,  this  project  was  recognized  in  1984  as  one  of  the  past  years  "Top  10" 
examples  of  manufacturing  technology  successes  by  the  Office  of  the 
Undersecretary  of  Defense  for  Research  and  Engineering. 

2.5  Conclusion 

The  ultimate  conclusion  reached  during  this  effort  was  that  there  are  no 
pat  answers  or  tailored-made  guides  that  lead  to  instant  solutions  for  current 
cost,  productivity,  and  quality  issues.  Project  1105  tasks  did  identify 
systematic  methods  and  tools  for  analyzing  the  manufacturing  issues  of  today 
and,  in  so  doing,  provide  a  structure  for  developing  alternative  approaches 
that  use  computer  driven  technology  to  resolve  these  identified  issues.  These 
tools  (which  include  the  IDEF0  and  IDEF1  modeling  methodologies  developed  by 
ICAM)  provide  a  logical  process  to  structure  current  and  future  operations 
through  the  logical  sequence  of  identified  activities.  The  generic  nature  of 
these  tools  allows  their  use  not  only  in  the  aerospace  manufacturing  arena, 
but  universally  in  almost  any  manufacturing  or  service-oriented  enterprise. 
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SECTIOH  3 

PROJECT  ACCOMPLISHMENTS  BY  WORK  BREAKDOWN  STRUCTURE  (MBS) 

3.1  ESTABLISH  MASTER  PLAH  AVD  SCHEDULE  (TASK  A) 

The  purpose  of  Task  A  was  to  develop  a  Project  Master  Plan  and  Schedule 
(PMP)  for  accomplishing  the  project  objectives.  Figure  3-1  is  a  simplified 
outline  of  this  task.  The  PHP  contained  the  strategy,  approach, 
responsibility  and  description  of  deliverables  associated  with  each  contract 
requirement  and  was  used  as  a  monitoring  and  management  mechanism  thcughout 
the  progress  of  this  contract. 


TASK  A 
ESTABLISH 
MASTER  ALAN 

AND  SCHEDULE 


AA 

AS 

ESTABLISH 

MASTER 

FLAN 

ESTABLISH 

MASTER 

SCHEOULE 

Figure  3-1.  Task  A  Objectives  by  Work  Breakdown  Structure  (WBS) 

This  task  was  completed  and  approved  by  the  ICAM  Program  Management  Office 
<rMO).  The  original  PMP  (PMP110510000)  was  published  as  part  of 
ITR110510001U .  One  year  after  contract  award,  the  document  was  updated  to 
reflect  changes.  It  was  approved  and  released  as  PKP110510000A.  This  PMP  was 
updated  once  more  to  reflect  contract  changes  (PHP110510000B)  in  early  1983. 
These  documents  were  used  for  managing  and  monitoring  the  activities  of 
Project  1105. 

3.2  FACTORY  OF  THE  FUTURE  CONCEPTUAL  FRAMEWORK  (TASK  B) 


The  purpose  of  Task  B  was  to  Establish  the  Factory  of  the  Future 
Conceptual  Framework.  An  outline  of  the  WBS  items  used  to  accomplish  Task  B 
is  shown  in  Figure  3-2. 
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Specifically,  the  major  objectives  for  Task  B  were: 

o  To  develop  a  strategy  to  achieve  a  computer-integrated  framework 
concept  that  will  integrate  all  major  activities  (e.g.t  Design, 
Finance,  Marketing,  QA/QC,  Product  Support  and  Manufacturing  Planning) 

o  To  establish  an  overall  Conceptual  Framework  that  will  describe  these 
integrated  activities 

o  To  create  an  aerospace  enterprise  framework  structure  that  will  serve 
as  a  baseline  for  computer-integrated  manufacturing  (CIM)  initiatives 
through  the  year  1995. 


Figure  3-2.  Factory  of  the  Future  Objectives  by  UBS 
3.2.1  Scope  The  Technical  Effort  and  Identify  The  Heeds  (WBS  4.2.1) 


Under  this  task,  statements  of  key  needs  were  obtained  from  applicable 
1CAM,  ManTech,  Tech  Mod  and  industry  efforts.  These  needs  were  analyzed  and 
addressed  in  two  life  cycle  documents:  the  Scoping  Document  (SD)  and  the 
Heeds  Analysis  Document  (HAD). 

In  developing  the  Scoping  Document  <SD),  SD  110512000  the  coalition 
established  two  major  goals. 


A  tM 
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o  To  develop  a  strategy  to  achieve  a  computer-integrated  manufacturing 
(CIM)  conceptual  framework  that  integrates /interfaces/ interacts  with 
all  major  activities  of  the  enterprise  (e.g.a  design,  finance, 
marketing,  quality  assurance/quality  control,  product  support  and 
configuration  management)  through  the  1995  time-frame. 


o  To  design  an  overall  conceptual  fraraewor'  that  includes  multipurpose 
production  centers  (i.e.,  assembly,  mac!  .ning,  electronics,  composites 
and  sheet  metal). 

Together  with  these  goals,  the  team  proceeded  to  identify  needed  enabling 
technology  for  implementing  and  managing  CIM  activities  (i.e.,  areas  requiring 
additional  work).  Applicable  documents  were  identified  and  terms  and 
abbreviations  were  defined. 


The  coalition  team  knew  that  to  achieve  the  stated  CIM  objectives  of  the 
FOP  framework  all  activities  of  the  aerospace  manufacturing  company  from 
marketing  through  product  delivery  and  support  must  be  systematically 
integrated  to  assure  that  computer  driven  application  would  result  in  optimal 
operations . 


o  Marketing  of  the  product,  submitting  customer  proposals  and  initiating 
contracts  to  provide  products  and  services 


[  i 
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o  Engineering  the  products,  manufacturing  processes,  tools,  equipment, 
facilities  and  computer  systems 

o  Acquiring,  installing  and  managing  resources 

o  Fabricating  sheet  metal,  machined  and  composite  parts  and  assembling 
the  components  into  final  products 

o  Planning,  evaluating,  testing,  inspecting  and  controlling  to  assure 
product  quality  and  performance 

o  Providing  clear  operation  and  maintenance  instructions  and  field 
support  to  customers  after  product  delivery. 

The  coalition  realized  that  the  Group  Technology  Concept  suggested  an 
ideal  hierarchical  control  structure  for  total  enterprise  operations.  This 
control  structure  would  consist  of  a  factory  which  managed  one  or  more 
centers.  Each  center  would  manage  one  or  more  cells  which,  in  turn,  managed 
one  or  more  stations.  As  a  result,  each  station  would  perform  one  or  more 
processes  to  accomplish  the  objectives  of  the  organization. 

Research  showed  that  current  programs  were  pursuing  the  design  and 
demonstration  of  integrated  centers  for  sheet  metal,  machining  and  composite 
fabrication  as  well  as  integrated  centers  for  assembly  and  electronics.  These 
centers  would  likewise  be  recognized  as  a  part  of  the  FOF  framework. 
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The  Task  B  coalition  initially  envisioned  the  functional  structure  of  the 
FOF  as  depicted  in  Figure  3-3.  Factory  level  management  received  policies  and 
directives  from  corporate  level  management  and  were  charged  with  conducting 
successful  aerospace  enterprise  operations. 

The  Scoping  Document  identified  five  viable  centers  of  functionally 
related  activity  within  the  control  of  factory  level  management. 

(1)  The  Marketing  Canter  which  would  provide  customer  liaison  and 
services  to  initiate  product  development  and  production. 

(2)  The  Product  Definition  and  Planning  Center  which  included  the 
activities  of  design  engineering  and  manufacturing  planning  in 
defining  the  product  and  production  technology  and  quality 
requirements . 

(3)  The  Provisioning  Center  which  acquired  all  materials,  tools, 
facilities,  equipment  and  people  required  to  accomplish  the 
factory's  function. 

(4)  The  Manufacturing  Center  wherein  the  fabrication  and  assembly  of  the 
product  occurred. 

(5)  The  Logistics  Center  which  included  such  items  as  product  operating 
and  maintenance  documents,  field  service,  field  training  detachments 
and  the  providing  of  spares  and  kits. 

Out  of  these  centers,  all  product  requirements  exist;  such  as  design, 
material  requirements,  process  planning,  quality  planning,  tooling  and 
facilities  which  are  product/production-oriented.  Aii  the  products  and 
technology  requirements  were  functionally  related. 

In  developing  the  Scoping  Document,  several  trends  were  immediately 
apparent  to  the  coalition: 

o  Few  activities  performed  actual  physical  production  steps 

o  Several  activities  were  involved  in  management  decision-making 

o  Each  activity  had  a  parallel  activity  which  was  communication  of 
information  to  other  relevant  activities 

o  Budgeting  and  cost-estimating  were  not  adequately  defined  to  determine 
their  influence  on  the  FOF 

o  Design  should  be  viewed  as  a  product  itself  to  be  scheduled,  performed 
and  evaluated. 
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Figure  3-3.  Factory  of  the  Future  Functional  Framework  Structure 
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From  these  trends,  several  conclusions  were  drawn: 

o  Production-oriented  design  must  include  process  planning  and  quality 
planning 

o  Actual  physical  production  steps  are  only  a  small  part  of  the  overall 
process  of  a  manufacturing  Enterprise 

o  Up-front  planning  is  a  key  area 

o  Management  decisions  affect  the  ability  to  plan  for  and  accomplish  the 
activity 

o  The  Factory  of  the  Future  must  have  a  common  information  system  whether 
it  is  a  computer  data  base  or  a  manual  system. 

The  coalition  submitted  the  results  of  this  analysis  in  the  FoF  Scoping 
Document  as  Report  Number  SD  110512000  dated  25  March  1982.  (Refer  to  Volume 
II,  Part  1  of  the  Final  Technical  Report). 

The  Needs  Analysis  Document  (NAD)  NAD110512000,  dated  10  May  1982  (refer 
to  Volume  II,  Part  2  of  the  Final  Technical  Report),  expanded  the  Factory  of 
the  Future  environment  in  terms  of  concepts  for  cost  drivers,  human  factors 
and  other  activities  performed  for  the  system  identified  as  Task  B,  ICAM 
Project  Priority  1105,  Conceptual  Design  for  Computer- Integrated  Manufacturing. 

The  needs  and  voids  in  today's  environment  that  had  to  be  incorporated  in 
the  "To-Be  World"  through  1995  were  identified  by  the  coalition.  From  this 
study,  some  400  needs  were  identified.  These  400  needs  were  broken  down  into 
36  categories  and  these  broad  36  categories  were  simplified  into  7  major 
categories  as  follows: 

o  Information  Resource  Management 

o  Management  and  Control 

o  Product  Definition  and  Planning 

o  Product  Assurance 

o  Human  Resource  Management 

o  Materials  Management 

o  Financial  Management 

The  results  of  the  Needs  Analysis  document  were  used  as  the  basis  for 
developing  the  requirements  for  the  FOF  through  the  1995  time  frame.  These 
requirements  were  detailed  in  the  Systems  Requirement  Document  (SRD),  dated  3 
March  1983.  (Refer  to  Volume  II,  Part  4  of  the  Final  Technical  Report). 
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Five  general  goals  were  established  by  the  coalition.  These  goals  are 
common  to  any  industry  which  desires  to  improve  its  competitive  position  and 
incrv.  ^se  its  productivity. 

o  Reduce  cost/price  and  increase  profits 

o  Improve  quality 

o  Improve  Human  Resource  Management 

o  Reduce  time  from  customer  order  to  product  delivery 

o  Improve  manufacturing  flexibility 

As  their  approach  to  the  Heeds  Analysis  Document,  the  coalition  conducted 
an  extensive  review  of  the  literature  then  scheduled  many  meetings  to  discuss 
the  technical  aspects  of  the  FOF  conceptual  framework.  Figure  3-4  illustrates 
the  revised  FOF  framework  that  evolved  from  these  meetings  and  Figure  3-5  is 
the  IDEF0  which  supports  the  FoF  framework  illustration. 

A  detailed  review  of  ICAM  technical  reports,  ManTeeh  reports.  Tech  Mod 
reports  and  general  trade  publications  led  to  the  development  of  the 
technological  needs  as  shown  in  Figure  3-6.  In  this  figure,  the  needs  are 
described  in  abbreviated  form  as  they  pertain  to  each  of  the  five  centers  that 
evolved  under  the  manage  factory  concept.  A  more  detailed  description  of 
these  needs  and  activities  can  be  found  in  the  Heeds  Analysis  Document  which 
was  submitted  to  the  Air  Force  on  10  May  1982  as  Document  HAD110512000. 

Once  the  goals,  the  technology,  and  the  key  needs  were  determined,  the 
main  question  was,  "Kow  will  these  changes  occur  in  the  factory?"  Only  rarely 
will  the  opportunity  exist  in  industry  to  build  completely  new  factories.  In 
most  cases,  the  Factory  of  the  Future  must  be  introduced  in  an  evolutionary 
manner.  Seven  areas  of  consideration  were  identified  for  this  evolutionary, 
introduction  of  the  FoF.  The  basic  questions  raised  in  each  area  were: 

o  What  functions/activities/concepts  will  be  added,  deleted  or  changed 
for  the  FOF?  How  should  the  old  functions/concepts  be  phased  out  and 
the  new  ones  phased  in? 

o  Under  what  situation  should  various  available  technologies  be  used?  Is 
there  a  preferred  sequence  for  implementation? 

o  What  limitations  or  opportunities  exist  for  reorganizing  factory 
resources? 

o  How  should  the  conceptual  organizational  structure  be  changed  to 
accommodate  the  application  of  new  technologies?  How  will  these 
changes  affect  the  human  skills  requirements? 
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Task  B  Meeds  Analysis  Document  (NAD) 


The  analysis  tool  to  determine  system  requirements 

•  Used  by  tCAM  PMO  and  contractor  as  a  record  ol 
system  needs 

•  Identities  shortcomings  In  AS-IS  environment 

•  Defines  Factory  ol  the  Future  goals 

-  Reduce  cost/price  and  increase  profits 

-  Improve  quality 

-  Improve  human  resource  management 

-  Reduce  time  Irom  customer  order  to  product 
delivery 

-  Improve  manufacturing  flexibility 

•  Documents  TO-BE  system  needs 

-  Moro  than  400  needs 

-  Seven  needs  categories 

•  Conceptualizes  systams  for  improvement 

•  Providas  baseline  to  develop  requirements 
for  Factory  ol  the  Future  in  1995 

•  Initiates  concepts  far  cost  and  performance 
drivers  in  the  Factory  of  fhe  Future 


Seven  Categories  of  Needs  Art  Addressed  by  the  Functional  Areas 
In  the  Factory  Framawoft 
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Factory  Management 

Integrate  Factory  Activities  and  Intormalion  To  Improve 

•  Translation  of  Strategic  Business  Plans  into  Tactical  and  Operational  Plana 
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o  What  management  concepts,  controls  and  objectives  should  ba  used  to 
implement  and  operate  the  FCF? 

o  How  will  the  new  communication  and  information  management  concepts  be 
implemented?  What  will  be  their  affect  on  the  rest  of  the  factory? 

o  What  new  accounting  and  financial  management  methods  will  be  required? 

Feasible  answers  to  these  questions  were  discussed  in  detail  in  the  Heeds 
Analysis  Document  submitted  to  the  Air  force  on  10  May  1982. 

Other  needs,  such  as  economic  conditions  in  national  and  world  economy, 
market  conditions  in  the  defense  industry,  management  style  and  the 
introduction  of  new  product  technologies  were  not  addressed  as  they  were 
outside  the  scope  of  this  document. 

Pages  3-38  through  3-46  of  the  Meeds  Analysis  Document  (NAD110512000) 
contain  a  series  of  matrices  developed  by  the  coalition  to  simplify 
understanding  and  to  emphasize  needed  future  task  efforts.  These  matrices 
relate  the  connection  between  the  detail  FOF  functional  needs  and  the  seven 
generic  needs  categories  established  earlier  in  this  discussion.  Based  upon 
the  relationships  shown  in  the  matrices,  the  following  conclusions  were  drawn: 

o  Information  Technology  and  Information  Resource  Management  are 
essential  building  blocks  for  the  FOF. 

o  It  is  impossible  to  separate  management  of  the  factory  from  the 
requirement  for  Information  Resource  Management. 

o  Combining  engineering  functions  is  essential  in  enhancing  productivity. 

o  Quality  assurance  improvements  will  increase  productivity. 


o  Resolution  of  personnel  problems  are  as  vital  as  resolution  of  problems 
relating  to  the  selection  and  implementation  of  technology. 

o  Strict  materials  management  is  having  the  right  material,  at  the  right 
place,  on  time  and  at  reasonable  cost  is  a  vital  concern  of  management. 

o  As  more  functions  are  automated,  the  direct-to-indirect  labor  ratio 
will  change  drastically;  consequently,  new  financial  management 
procedures  must  be  developed. 

It  was  generally  agreed  by  the  coalition  that  the  "glue"  necessary  to  bind 
all  the  functions  together  would  be  the  communication  links  between 
activities.  Concepts  had  to  be  developed  based  on  providing  reliable 
communications  between  various  activities.  The  Computer-Based  Information 
Systems  (CBIS)  (ICAH  Priority  3101)  dealt  with  this  in  considerable  detail. 
This  CBIS  structure  provided  the  coalition  with  the  basis  to  develop  concepts 
for  Information  Resource  Management. 
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One  of  the  need  categories,  management  and  control  was  emphasized  with 
control  as  a  critical  issue  of  management.  It  Included  such  activities  as  tho 
development  and  implementation  of  policy,  establishing  quality  assurance 
directives,  setting  objectives  and  shaping  employee  relations. 

Another  primary  need  category  identified  by  the  coalition  was  Product 
Definition  and  Planning.  Product  Design  is  necessarily  constrained  by  the 
functional  requirements  of  the  product  and  by  the  factory's  manufacturing 
capabilities.  Design  must  be  evaluated  in  terms  of  manufacturing  costs  and 
time.  Therefore,  a  method  must  be  developed  by  which  the  designer  can  access 
current  information  on  manufacturing  capabilities  and  the  costs  of  various 
alternatives.  Product  design,  then,  is  translated  into  a  product  definition 
which  can  be  separated  into  two  distinct  categories;  geometric  and 
non-geometric  data. 

All  the  other  need  categories  (i.e.,  Product  Assurance,  Human  Resource 
Management,  Materials  Management  and  Financial  Management)  are  also  vital  to 
the  conceptualization  of  the  FOF.  It  is  not  valid  to  assume  that  these  need 
categories  are  less  important  than  the  ones  discussed  above.  All  should  be 
considered  of  equal  status. 

A  complete  discussion  of  all  needs  categories  may  be  found  in  the  Heeds 
Analysis  Document  of  10  May  1982. 

3.2.2  Establish  Improvement  Concepts  (WBS  4.2.2) 

The  purpose  of  this  task  was  to  establish  a  set  of  improvement  concepts 
based  upon  the  need  categories  in  the  fo.m  of  requirements  that  addressed  the 
framework  of  the  integrated  Factory  of  the  Future.  The  coalition  investigated 
computerized  information  flow,  strategic  and  tactical  planning,  management  and 
decision  support  areas  at  all  levels  to  accomplish  this  task.  The 
accomplishment  of  this  task  was  reported  to  the  Air  Force  in  State-of-the-Art 
Document  SAD  110512000  dated  20  September  1982.  (Refer  to  Volume  II,  Part  3 
of  the  Final  Technical  Report) . 

This  section  of  the  Statement  of  Work  tasked  the  Contractor  to  evaluate 
each  system  level  improvement  concept  proposed  or  being  pursued  by  industry, 
to  evaluate  the  impact  of  each  improvement  and  to  show  how  many  of  the 
improvements,  if  implemented  in  the  ICAM  planning  and  control  area,  would 
benefit  the  various  shop  centers. 

The  coalition  reviewed  the  state-of-the-art  in  commercially  available 
technologies  that  could  be  used,  but  which  were  not  being  currently  employed, 
plus  needed  technologies  which  would  possibly  satisfy  the  improvement 
concepts.  A  visual  summation  of  this  review  is  depicted  in  Figure  3-7, 

Where  appropriate,  technology  which  was  being  developed  but  had  not  yet 
been  proven  cost  effective  was  included  in  the  document.  The  major  emphasis 
was  on  commercially  available  technology  which  could  possibly  fulfill  the 
needs  identified  in  the  Heeds  Analysis  Document. 
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Task  B  State  of  the-Art  Document  (SAD)  | 

An  assessment  of  the  most  current  technology  to  fill  Factory  of  the  Future  needs 


•  Emphasizes  commercially  available  technology 

•  Identifies  technology  voids  in  terms  of  the  needs 
categories  defined  in  the  NAD 

•  Reviews  selected  Air  Force  priority  projects 

•  Evaluates  selected  data  base  management  systems  and 
local  area  computer  networks 

•  Analyzes  an  existing  computer-integrated  factory 

"At  the  survey  wet  completed  new  advances  were  announced  In  tuCh  e  repidly  changing  environment,  the 
document  provides  *  summery  snapshot  o!  whet  it  eveileble  end  en  indication  ot  whet  cen  be  expected.*' 
Task  B  Slate  ot  the  Art  Document,  page  t  8 


Attested  Needs  Categories  To 
Identify  Technology  Voids 


Monitored  ICAM,  KtnTech  end  Tech  Mod 
Projects  tor  Stele  of  the  Art  impact 


INFORMATION  RESOURCE  MANAGEMENT 
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MATE Rl Ai  MANAGEMENT 


ICAM  PROJECT  PRIORITIES 
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2IM  SHEET  METAE  FAtRiCRllON  SYSTEMS 
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(A  [>  LITTLE) 

4403  MANUFACTURING  COST  DESIGN  GUIDE 
COMPUTERISATION 

4202  GROUP  TECHNOLOGY  CHARACTERISATION 
CODE  (VOUGHT) 

SX1  MATERIAL  ANO  PROCESS  MOOEllNG  (RTlj 
SMi  INTEGRATED  PLANNING  SYSTEM  |GE) 
tioa  MCMM  STATION  AND  CELL 
DEMONSTRATION  iGE) 

€201  MCMM  CENTER  DESIGN  (GE) 
riOl  ASSEMBLY  CENTER  REQUIREMENTS 
(NORTHROP) 

t»S  ICAM  OEClSLON  SUPPORT  SYSTEM 
fXt  MATERIAL  FLOW  CHARACTERISTICS 


MANTtCH  PROGRAMS 
01N4M  -  IS0W»S  LARGE  AIRCRAFT 
COMPOSITE  STRUCTURES 

itESrj-  ixoaeioi  electronics  cad.cam 

I1M ISO  -  1 A022OOI  ADVANCED  MACHINING 
SUBSYSTEMS 

UNO)  ‘  4032 104  COMPOSITE  ASSEMBLY  j 

PRODUCTION  INTEGRATION 
MM24I  -  TAS4  1  202  ADVANCED  SECOND!  AVER 

NDt  SYSTEM  PRODUC't'OTY  ' 
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TECH  MOD  PROGRAMS 
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COMPANY 

M 0004  >  1A  120004  F  It  SUBCONTRACTORS 
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CAMBRIDGE  UNIVERSITY 

RING 

TOMA  (TOKEN) 

ciuSTinaus 

nestar  systems 

•us 

TDMA  rCSM A) 

ETHtRNIT 

XEROX  CORR 

•  US 

TDMA  tCSMA/CO) 

FLASHhtT 

FORD  AEROSPACE 

RING 

TDMA  (TOKEN) 
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Evaluated  Selected  Dt'.s  Bite  Management 
Systems  for  Management  of  Informttfon 
within  the  Factory 
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The  goal  of  the  State-of-the-Art  Document  was  to  investigate  the 
information/conraunicatlon  technologies  which  were  the  hey  tools  for 
integrating  the  FoF  under  the  Manage  Factory  function.  The  primary  focus  was 
on  the  most  current  technology  with  a  demonstrated  potential  for  cost 
effectiveness.  Hany  of  these  technologies  are  of  the  1983  vintage.  While 
these  technologies  will  change  rapidly,  manufacturing's  needs  will  change  more 
slowly. 

It  was  obvious  that  the  primary  concept  which  was  needed  to  bind  together 
the  Factory  of  the  Future  activities  was  the  communication  links  between  the 
activities.  The  Computer-Based  Information  Systems  Project  (ICAM  Priority 
3101)  dealt  with  this  in  considerable  detail.  By  creating  the  concept  of  a 
"neutral  data  structure,"  the  information  common  to  multiple  activities  could 
be  described.  This  neutral  data  structure  could  then  be  used  as  a  framework 
for  the  common  data  base. 

Appendix  A  of  the  State-of-the-Art  Document  contains  a  summary  of  data 
base  management  systems  (DBMS)  currently  on  the  market.  Mot  all  available 
DBMS  are  included  but  only  a  representative  group  Which  describe  a  variety  of 
features . 

Various  computer  networks,  hardware  interface/terminals,  human  interaction 
with  terminals,  machine  interaction  and  software  interface  are  also  described 
in  detail  in  the  State-of-the-Art  Document. 

As  part  of  its  task,  the  coalition  investigated  the  development  of  the 
so-called  "fifth-generation"  computer.  The  concepts  under  scrutiny  were: 

o  Intelligence  interface  to  enable  the  input  and  output  of  information 
via  speech,  graphics,  symbols  and  documents 

o  Knowledge-base  management  which  will  store  relevant  data  bases  so  that 
an  operator  can  retrieve  information  at  any  time 

o  Problem  solving  and  inference  which  is  the  ability  (in  one  form  or 
another)  to  learn  and  make  inferences  from  the  knowledge  stored  in  the 
data  base. 

Artificial  intelligence  (AI)  uses  a  computer  to  mimic  or  supplement  human 
intelligence  in  a  decision-making  context.  It  has  two  aspects:  (1)  a 
knowledge-base  incorporating  a  set  of  information  (or  data)  and  its 
interrelationships,  and  (2)  an  inference  procedure  that  "reasons"  or  selects 
the  appropriate  information  for  a  particular  situation. 

Applications  Technology  -  The  5th  annual  "Production  Directory  of 
Computers  in  Manufacturing"  listed  over  250  sources  for  manufacturing  systems 
software.  Commercially  available  technologies  which  are  Information  Resource 
Management  oriented  and  addressed  the  other  six  needs  categories  were  surveyed 
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end  evaluated  at  two  levels.  At  the  first  level,  the  sources  were 
state-of-the-art  documents  produced  by  ICAM  projects.  At  the  second  level, 
the  sources  were  promotional  literature  and  directories  on  commercially 
available  computer- integrated  manufacturing  (CIM)  systems  . 

Because  of  the  many  mergers  and  acquisitions  occurring  in  this  market,  it 
was  impossible  to  ascertain  which  systems  would  be  commercially  available  in 
the  near  future.  However,  it  was  not  difficult  to  predict  the  characteristics 
of  main  systems.  These  are: 

o  Increased  accessibility  and  sharing  of  information 

o  Improved  flexibility  and  responsiveness 

o  Improved  integrity  and  timeliness 

The  manner  in  which  these  systems  address  other  primary  drivers  of  generic 
needs  are  shown  in  Figure  3-8. 

Technology  Voids  -  Technology  areas  which  are  not  available  to  support 
subsystem  requirements  were  identified  in  terms  of  the  need'  categories.  Due 
to  the  interactions  between  these  need  categories  and  their  often  long  range 
implications,  it  was  not  possible  to  measure  the  impact  of  fulfilling  the 
individual  needs.  The  basic  needs  and  their  corresponding  technological  voids 
are  summarized  in  Figure  3-9.  A  full  discussion  of  these  voids  may  be  found 
in  Section  3.0  of  the  State-of-the-Art  Document  which  is  Volume  II,  Part  3 
(SAD110512000'  of  this  Final  Technical  Report. 

Key  Concepts  in  Computer-Integrated  Manufacturing  -  For  its  leading  role 
in  developing  Computer-Integrated  Manufacturing  (CIM)  the  Ingersoll  Hilling 
Machine  Company,  received  the  1982  LEAD  Award  from  the  Computer  and  Automated 
Systems  Association  of  the  Society  of  Manufacturing  Engineers. 

Out  of  their  original  research,  Ingersoll  adapted  three  pivotal  strategies 
that  bear  importantly  on  the  use  of  the  computer  in  engineering  and 
manufacturing. 

o  First  was  the  decision  to  use  numerically  controlled  machines  from  the 
moment  they  were  practically  available 

o  Second  was  the  decision  to  employ  computer-aided  design  (CAD) 

o  Third  was  the  decision  (taken  within  the  last  three  years)  to  rewrite 
all  its  information  software  programs  to  make  it  possible  for  the 
company-wide  software  system  to  organize  and  integrate  all  the  data 
from  all  its  programs  (i.e.,  the  start  of  the  Iol  cal  common  data  base 
of  the  FoF) .  This  was  the  start  of  their  managemunt  and  business 
information  system. 
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GENERIC 
NEED  CATEGORY 


BASIC  NEEDS 


INFORMATION  •  A  MECHANISM  FOR  INTEGRATION 

•  PROVISIONS  FOR  DISTRIBUTED  DATABASES 
(ON  DISTRIBUTED  MACHINES) 

•  FLEXIBILITY  TO  THE  ENO  USERS 

•  REDUCTION  OF  THE  NEED  FOR  SOFTWARE 

•  IMPLEMENTATION  PLAN  WHICH  WILL: 

-  MINIMIZE  INITIAL  IMPACT 

-  BE  ABLE  TO  EVOLVE 


THE  VOIDS 

•  PROCEDURE  FOR  CONVERTING  A 
PROLIFERATION  OF  INDEPENDENT 
DATABASES  INTO  AN  INTEGRAL 
SYSTEM 

•"HARDWARE  AND  SOFTWARE  PROTO¬ 
COL  STANDARDS  (SEMI) 

•  COMPATIBLE  HARDWARE 

•  CUSTOMIZABLE  SYSTEMS 

•  COMMERCIALLY  AVAILABLE  TECH¬ 
NOLOGY  FOR  IMPLEMENTATION 


MANAGEMENT 

AND 

CONTROL 


PRODUCT 

DEFINITION 

ANO 

PLANNING 


•  TRUELY  CLOSED  LOOP  SYSTEMS 

•  TIMELY-ACCURATELY  READILY  AVAILABLE 
CONTROL  INFORMATION  FOR  DECISION 
SUPPORT 

•  IMPROVED  LEVEL  OF  CONTROL  SYSTEM 
RESPONSE  TO  CHANGE 

•  IMPROVEO  TOOLS  FOR  DECISION  SUPPORT 

•  PRODUCT  DEFINITION  AND  PLANNING 
INVOLVES  SEVERAL  DISCIPLINES 
(E.G.,  INTERACTIVE  GRAPHICS.  FINITE 
ELEMENT  MOOELING.  SIMULATION) 

•  A  NEED  FOR  ALL  DISCIPLINES  TO  BE 
NETWORKED  ON  A  COMMON  OPERATING 
SYSTEM 

•  ADVANCES  IN  OTHER  INDUSTRIES  MAY  OR 
MAY  NOT  APPLY  TO  A  MODERN.  HIGHLY 
COMPLEX  AEROSPACE  PROGRAM  WITH  THE 
VAST  AMOUNT  OF  DETAIL  AND  CHANGE 
ACTIVITY 

•  THE  GREATEST  BARRIER  TO  IMPLEMENTATION 
IS  THE  ORGANIZATIONAL  IMPACT 


•  COMPATIBLE  MECHANISMS  FOR 
DATA  COLLECTION 

•  REAL  TIME  DATA  COLLECTION 

•  HARDWARE  ANO  SOFTWARE  SUPPORT 
FOR  DATA  COLLECTION 


SAME  AS  NEEDS 


PRODUCT  •  IMC *  J  ..D  ORGANIZATION  INTERFACE 
ASSURANCE  DUf  G  NEW  PRODUCT  INTRODUCTION 

•  IMPROVED  QUALITY  INFORMATION 
SYSTEM 

•  EFFECTIVE  QA/OC  FIELD  INFORMATION, 
ACQUISITION  AND  UTILIZATION 

•  NEW  WAYS  OF  TEST  AND  INSPECTION 

•  SOFTWARE  QUALITY  ASSURANCE 


'  EFFECTIVE  MECHANISM  OR 
NETWORK  BY  WHICH  INFORMATION 
CAN  BE  COLLECTED  ANO  COM¬ 
MUNICATED 

EFFECTIVE  HISTORICAL  DATABASE 

"IN-LINE"  OA/QC  FUNCTIONS 

SOFTWARE  QUALITY  ASSURANCE 
METHODS 


Figure  3-9.  Technology  Voids  Matrix 
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GENERIC 
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THE  VOIDS 

NEED  CATEGORY 

HUMAN 

SKILL  REQUIREMENTS 

SAME  AS  NEEDS  EXCEPT  FOn  MODULES 

RESOURCE 
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The  main  modules  in  the  computer- integrated  manufacturing  system  at 
Ingersoll  are:  -  .  ..  ,v.  .. 

o  Master  schedule 

o  Engineering  design 

o  Inventory  control 

o  Purchase  and  accounts  payable 

o  Parts  manufacturing  and  cost 

o  Assembly 

The  whole  structure  is  supported  by  the  data  base  management  system  and 
accessed  from  121  on-line  computer  terminals.  This  system  is  run  in  real-time 
with  over  one-half  of  their  indirect  labor  force  having  their  own  personal 
computer  access  code.  A  breakdown  of  the  Ingersoll  system  is  presented  in 
Section  4.0  of  the  September  1982  State-of-the-Art  Document.  (Refer  to  Volume 
II,  part  3  of  the  Final  Technical  Report). 

Appendix  A  of  that  Document  furnishes  a  review  of  selected  data  base 
systems;  Appendix  B  supplies  a  review  of  selected,  previous  ICAM  state-of- 
the-art  reviews. 

Systems  Requirements  Task 

The  System  Requirements  Task  identified  the  improvements  needed  to 
establish  the  conceptual  framework  of  the  Integrated  Factory  of  the  Future  . 
The  economic  benefits  and  analysis  was  not  accomplished  at  this  time,  since 
the  concepts  for  aerospace  factory  improvements  were  not  yet  gelled  into  a 
total  cohesive  factory  "system.” 

The  System  Requirements  Document  was  the  first  functional  document  for  the 
"TO  BE”  conceptual  framework  of  the  Factory  of  the  Future.  It  detailed  the 
seven  generic  needs  categories  identified  in  the  FoF  Needs  Analysis  Document 
as  to  their  requirements.  These  needs  categories  established  the  basis  upon 
Which  to  establish  the  System  Specification  and  the  FoF  conceptual  framework. 

The  System  Requirements  Document  expanded  the  seven  needs  categories  by 
identifying  specific  requirements  for  each  need: 

o  Information  resource  management 
o  Management  of  the  factory 
o  Product  definition  and  planning 
o  Product  assurance 
o  Human  resource  management 
o  Materials  management 
o  Financial  management. 
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Section  3.0  of  the  System  Requirements  Document  identified  and  described 
functions  that  are  projected  to  occur  in  the  Factory  of  the  Future  as  they 
related  to  the  needs  categories.  This  Document,  as  developed,  examined  the 
transition  from  the  "AS  IS"  aerospace  factory  of  today  to  the  conceptual  "TO 
BE"  factory  of  1995.  Current  "AS  IS"  deficiencies  defined  in  the  Heeds 
Analysis  Document  were  expanded  into  "TO  BE"  conceptual  requirements  which 
were  used  to  further  develop  the  FoF  conceptual  framework. 

Appendices  A  through  G  of  the  System  Requirements  Document  of  3  March  1983 
contain  a  wealth  of  supporting  data  to  substantiate  and  "flesh  out"  the 
identified  factory- level  system  requirements.  These  appendices  are  vital  to 
the  understanding  of  the  philosophy  and  the  reasons  "how"  and  "why"  the 
coalition  developed  this  particular  FoF  conceptual  framework. 

Information  Resource  Management  -  Manufacturing,  in  the  ultimate  analysis, 
is  a  series  of  information  processing  steps.  As  industry  moves 
toward  flexible  manufacturing  capabilities  in  the  FoF,  more  and  more 
information  will  be  computerized.  Such  physical  objects  as  templates  and 
master  models  will  be  replaced  with  electronically  stored  data.  This 
computerized  information  will  begin  to  be  viewed  as  a  company  resource.  As  a 
result,  information  will  be  the  common  company  resource  that  affects  every 
function  within  the  Enterprise.  It  is  apparent,  then,  that  the  efficient 
management  of  information  is  essential  to  the  effective  functioning  of  the 
FoF.  The  specific  requirements  are: 

o  Information  resource  control 

o  Information  manipulation 

o  Information  application. 

The  coalition  established  certain  criteria  for  these  requirements  to 
fulfill  their  functions.  For  example,  the  information  control  requirements 
had  to  provide  a  fully  automated,  intelligent  data  dictionary  that  would 
support  the  formal  definition  of  the  total  factory  information  structure. 

This  requirement  also  had  to  provide  automated  tools  and  techniques  for  the 
dynamic  structuring  of  information  to  support  application  views  of  the  factory 
and  to  provide  information  resource  management  standards  and  procedures  with 
supporting  computerized  tools  for  programs  which  share  common  information. 

Information  manipulation  requirements  were  classified  into  four  categories: 

o  To  provide  for  the  consistent,  timely  and  accurate  transmittal  of 
information  to  all  users 

o  To  provide  information  processing  tools  to  support  both  automated  and 
human  controlled  decision-making  (e.g. ,  artificial  intelligence) 

o  To  make  common  information  readily  available  to  users  through  a 
friendly,  interactive,  natural  command  language 
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o  To  be  able  to  store  information  in  an  efficient  and  flexible  manner. 

Information  application  requirements  were  defined  as  being  able  to  provide 
mechanisms  and  techniques  to  capture,  store,  process  end  communicate 
information  which  reflected  marketing  and  sales,  business  management,  product 
definition  and  planning,  procurement  and  material  management,  manufacturing 
and  product  support  knowledge. 

Management  of  the  Factory  -  In  analyzing  the  managerial  operations  within 
today’s  factory,  it  soon  became  evident  that  efforts  to  improve  productivity 
and  quality  have  yielded  less  than  desirable  results.  The  primary  causes  for 
this  have  been: 

o  Inadequate  integration  of  corporate  business  objectives  into  factory 
operations 

o  Permitting  suboptimization  of  one  functional  area's  activities  which, 
in  turn,  impacted  other  area3 

o  Inability  to  implement  alternate  plans  and  options 

o  Poor  determination  of  resource  requirements 

o  Poor  allocation  of  existing  resources 

o  Management's  inattention  to  the  impact  of  technological  changes  on 
current  operations. 

In  examining  these  causes  of  management  inadequacy,  the  coalition 
determined  that  to  correct  the  problem  it  would  be  necessary  (1)  to  provide 
management  tools  and  procedures  that  generated  realistic  schedules  for  ell 
factory  activities;  (2)  to  provide  management  tools  and  procedures  to 
resource  requirements  and  allocate  those  resources  in  an  optimal  manner,  and 
(3)  to  provide  management  tools  and  procedures  that  support  the 
identification,  assessment,  selection  and  implementation  of  vital  new 
technologies . 

Product  Definition  and  Planning  -  This  area  encompassed  two  key  elements: 

o  The  Design  Function  -  the  requirement  to  define  a  more  satisfactory 
product  for  the  customer 

o  The  Manufacturing  Planning  Function  -  the  requirement  to  combine  detail 
design,  manufacturing  technology  and  customer  requirements  into  a  plan 
to  produce  the  more  satisfactory  product  in  an  improved  manner. 

The  following  requirements  are  vital  to  the  successful  implementation  of 
these  key  elements: 
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o  Interactive  computer  graphics 
o  Group  Technology 
o  Automated  process  planning 
o  Product  definition  and  planning  data  base 
o  Change  handling  flexibility. 

These  requirements  are  discussed  in  detail  in  the  System  Requirements 
Document . 

Product  Assurance  -  In  the  realm  of  product  assurance,  two  vital  areas 
were  designated  for  examination: 

o  Requirements  specifically  related  to  Quality  Assurance/Quality  Control 

o  Requirements  specifically  related  to  Configuration  Management. 

The  coalition  determined  that  many  new  provisions  had  to  be  made  in  order 
to  upgrade  Quality  Assurance  and  Quality  Control  procedures.  These  ware: 

o  To  provide  analysis  tools  and  procedures  for  implementing  quality 
during  the  design  phase 

o  To  provide  procedures  and  mechanisms  to  improve  the  inspection  process 

o  To  provide  a  more  efficient  means  for  documenting  nonconforming  parts 
and  materials 

o  To  provide  an  improved  interface  with  manufacturing  control 

o  To  provide  procedures  and  mechanisms  to  integrate  the  flow  of  all  QA 
information  through  the  Enterprise. 

In  the  field  of  Configuration  Management,  it  was  determined  that 
improvements  could  be  achieved  by: 

o  Providing  tools  and  procedures  to  improve  the  identification, 
controlling  and  tracking  of  configuration  items 

o  Providing  improved  storage  and  maintenance  of  Configuration  Management 
information 

o  Providing  procedures  and  mechanisms  to  integrate  Configuration 
Management  activities  and  information  with  other  activities. 

Human  Resource  Management  -  During  the  development  and  implementation  of 
the  FoF  it  will  be  essential  to  address  the  human  side  of  automation  and 
technological  innovation.  This  is  valid  regardless  of  the  innovation,  be  it  s 
change  in  procedure  or  the  design  and  construction  of  a  new  factory.  Failure 
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to  consider  the  human  side  of  the  technological  equation  leads  to  results  that 
do  not  equal  expectations. 

Factors  contributing  to  this  sensitive  area  are: 

o  Employee's  fear  of  losing  their  jobs 
o  Managers  fear  of  losing  their  power  base 
o  Organizational  disruption 

o  Inadequate  training  in  the  use  and  application  of  new  systems, 
techniques  and  machines. 

After  gathering  and  analyzing  an  abundance  of  data,  the  coalition 
recommended  five  distinct  requirements  to  reduce  the  negative  factors  listed 
above.  These  five  requirements  were  identified  and  discussed  under: 

o  Human  Resource  Planning 

o  System  Development  and  Human  Resource  Integration 
o  Training 
o  Staffing 
o  Employee  Relations. 

Each  of  these  five  areas  were  broken  down  further  into  coalition 
recommendations  for  overcoming  resistance  to  implementing  the  FoF.  Their 
recommendations  are  part  of  Section  3.0  and  Appendix  E  of  the  System 
Requirements  Document. 

Materials  Management  -  The  importance  of  Materials  Management  was  based 
upon  two  factors: 

o  Control  and  distribution  of  the  resources  used  in  the  production  and 
product  support  activities 

o  Material  costs  which  represent  a  substantial  portion  of  the  investment 
in  the  finished  product. 

To  be  fully  responsive  to  the  FoF  needs,  Materials  Management  must  provide 
the  right  facilities,  materials  or  components  in  the  desired  quantity  and 
quality,  in  the  right  amount,  at  the  right  time,  in  the  right  place  and  at 
reasonable  cost.  The  coalition  established  two  requirements  for  successful 
Materials  Management;  (1)  the  acquisition  of  resources,  and  (2)  the  planning 
and  control  of  those  resources. 

Successful  resource  acquisition  requirements  demand  establishing 
procedures  for  the  effective  selection  of  vendors,  suppliers  and 
subcontractors  through: 

o  Establishing  a  system  for  coding  materials 

o  Establishing  an  automated  historical  data  base  for  vendors,  suppliers 
and  subcontractors 
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o  Establishing  an  automated  purchase  order  and  requisition  system 
o  Developing  a  mechanism  with  a  common  data  exchange  format  to  provide 
direct  communication  with  vendors,  suppliers  and  subcontractors 
o  Establishing  procedures  that  provide  versatile  production  facilities 
with  flexible  equipment. 

The  Planning  and  Control  of  resources  will  mean  providing  tools  and 
procedures  to  improve  t to  development  of  Material  Management  plans  that  permit 
in  real-time: 

o  Determination  of  total  material  requirements 
o  Determination  of  material  availability  and  cost 
o  Determination  of  subcontracted  item  availability 
o  Consideration  of  "what  if"  factors 

o  Establishment  of  procedures  for  more  efficient  use  of  resources  by 
developing: 

-  Improved  scheduling  techniques 

-  More  effective  means  of  controlling  inventory 

-  Procedures  and  mechanisms  to  support  integrated  Material  Management 
between  various  factory  functions. 

Financial  Management  -  Financial  Management  consists  of  activities  which 
involve:  money  or  assets,  means  of  evaluating  alternatives,  and  comparing 
performance  to  improve  the  profitability  of  the  Enterprise.  Although  a  key 
goal  of  the  FoF  is  to  reduce  costs/prices  and  increase  profits,  this  is  simply 
one  aspect  of  the  business  operational  cycle.  The  other  goals  deal  with 
remaining  in  and  acquiring  new  business. 

Unfortunately,  in  the  Factory  of  Today,  the  main  financial  emphasis  has 
been  focused  on  short-term  profitability  rather  than  on  long-term 
profitability.  Additionally,  our  current  financial  structure  is  predicated  on 
a  style  which  matches  a  theoretical  framework  rather  than  the  actual 
operations  and  processes  needed  to  produce  the  product.  As  a  result,  our 
current  financial  models  neithor  reflect  accurately  on  conditions,  nor  do  they 
support  long  range  planning  for  corporate  development. 

The  coalition  outlined  five  requirements  which  should  be  the  goals  of 
Financial  Management  in  the  FoF. 

o  The  accurate  and  timely  collection,  storage  and  manipulation  of 
financial  data 

o  Tools  and  techniques  for  accurately  forecasting  and  estimating 
financial  trends 

o  Tools  and  techniques  for  expanding  financial  analysis 

o  Tools  and  techniques  for  more  accurate,  timely  and  efficient  general 
accounting  procedures 
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o  Tools  and  techniques  for  efficient  management  of  cash  and  all  other 
resources. 

In  addition  to  those  five  goals,  a  reorientation  will  be  required  to  place 
financial  information  in  its  proper  perspective  as  an  important,  but  not  all 
controlling,  input  for  Enterprise  decisions. 

3.2.3  Detail  Factory  of  the  Future  Concepts  (WBS  4.2.3) 

Under  this  task,  the  prioritized  performance  requirements  for  the  "TO  BIT" 
Conceptual  FoF  Framework  were  established.  Additionally,  the  performance 
requirements  associated  with  the  seven  generic  needs  categories  were 
summarized.  The  Conceptual  Framework  Document  and  IDEF0  models  of  the  FoF 
were  also  developed  under  this  task. 

Framework  System  Specification 

The  System  Specification  Document  (SS),  SS  110512000,  dated  14  October 
1983  (refer  to  Volume  II,  Part  5  of  the  Final  Technical  Report)  was  developed 
under  this  task.  An  in-depth  summary  of  specific  performance  requirements 
deemed  essential  for  integrated  aerospace  factory  operations  through  the  year 
1995  is  presented.  This  was  accomplished  by  expanding  the  conceptual 
requirements  identified  in  the  System  Requirements  Document  (SRD)  with  the 
additional  descriptions  of  the  concepts  as  they  relate  to: 

o  Functions  that  are  to  be  performed  or  supported  by  the  concept; 
o  Performance  characteristics  dealing  with  speed,  accuracy,  and 
efficiency  needed  to  satisfy  the  concept; 
o  Physical  characteristics  identifying  the  hardware,  facilities,  tools, 
equipment,  and  materials  needed  to  support  the  concept; 
o  Operational  characteristics  dealing  with  methods,  procedures,  and 
policies  needed  to  support  the  concept; 
o  Information  characteristics  that  identified  the  type  of  information 
required  to  satisfy  specific  concepts; 
o  Interface  characteristics  that  describe  who  (the  user)  or  what  (e.g., 
an  application  system)  will  be  affected  by  the  implementation  of  a 
specific  concept; 

o  Technology  voids  that  could  delay  the  implementation  of  a  concept; 
o  The  impact  on  personnel  at  all  levels  when  a  particular  concept  Is 
implemented . 

Continuing  with  the  procedure  begun  in  the  NAD  these  needed  performance 
requirements  and  their  associated  characteristics  were  described  and  organized 
by  Need  Category. 

3 . 2 . 3 . 1  Establish  Factory  of  the  Future  System  Specification  (WBS  4 .2. 3.1) 
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Information  Resource  Management  -  Since,  in  the  final  analysis, 
manufacturing  (computer  aided  or  manual)  is  a  series  of  information  processing 
steps  the  coalition  determined  that  the  practice  and  application  of 
Information  Resource  Management  concepts  is  essential  to  the  FoF.  Even  today, 
the  trend  towards  replacing  physical  objects  (e.g,,  templates,  master  models) 
with  computer  (digitized)  model 3  to  convoy  manufacturing  information  is  firmly 
established.  As  a  result,  the  management  and  control  of  Information  as  a 
company  resource  vis-a-vis  individual  or  departmental  resource  is  essential. 

To  support  this  critical  requirement  for  the  1995  aerospace  enterprise, 
specific  conepts  (listed  below)  and  discussed  in  detail  in  the  SS  document 
were  presented: 

o  Data  definition 
o  Data  structuring 
o  Application  development 
o  Communications 
o  Decision  support 
o  Information  processing 
o  Information  storage 
o  Information  application. 

Management  of  the  Factory  -  At  the  factory  level,  management  issues  are 
centered  around  planning  and  directing  company  resources,  i.e.,  capital, 
humans,  information  and  time.  In  establishing  our  seven  major  need 
categories,  management  of  information,  capital  and  humans  are  discussed 
separately.  This  need  category  focuses  on  the  romaining  key  management 
requirements  relating  to:  1)  time  management,  2)  resource  allocation,  and 
3)  assuring  factory  productivity  and  profitability  through  the  assessment  and 
implementation  of  new  technology.  These  key  requirements  are  conceptually 
described  in  sections  relating  to: 

o  Integrated  scheduling 
o  Integrated  resource  allocation 
o  Technology  assessment/ implementation. 

Product  Definition  and  Planning  -  The  coalition  envisioned  that  the 
merging  of  the  design  and  manufacturing  planning  functions  (Product  Definition 
Planning)  was  essential  to  achieve  integrated  operations  in  the  FoF.  This 
integration  was  deemed  necessary  since  all  manufacturing  begins  with  design 
(our  common  data  base  begins  here)  and  a  producible  design  is  mandatory  for 
reliable  production  and  product  quality.  As  a  result,  the  merging  of  these 
activities  are  paramount  for  successful  operations  in  the  FoF  and  provide  one 
of  the  most  fruitful  areas  for  reducing  the  time  from  customer  order  to 
product  delivery. 

The  discussion  of  this  key  requirement  in  the  SS  document  evolves  around 
concepts  for: 
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o  Interactive  computer  graphics  for 

-  Modeling 

-  Simulation 

-  Standard  information  exchange 

o  The  application  of  Group  Technology 
o  Automated  Process  Planning 
o  A  common  data  base 

Product  Assurance  -  Assurance  of  product  quality  will  require  control  and 
coordination  at  all  levels  of  the  aerospace  enterprise  through  1995,  since 
segments  of  the  quality  function  are  inherent  in  all  phases  of  factory 
operations.  Achievement  of  this  objective  will  require  the  implementation  of 
total  quality  assurance.  The  coalition  established  the  following  concepts 
centered  around  total  quality  assurance: 

o  Design  quality  into  the  product  -  do  not  rely  on  the  Inspection  and 
rejection  of  defective  parts,  do  it  right  the  first  time 
o  Improved  inspection  processes 
o  Improved  control  of  manufacturing  processes 

o  Integration  of  quality  assurance  information  with  all  factory  activities 
o  On-line/real-timo  configuration  management  procedures. 

Human  Resource  Management  -  The  transition  from  the  factory  of  today  to 
the  FoF  was  recognized  by  the  coalition  as  a  path  that  was  bounded  by 
technological  as  well  as  human  relation  pitfalls.  In  consequence,  numerous 
concepts  for  enhancing  Human  Resource  Management  (HRM)  in  the  FoF  were 
developed.  These  concepts  are  built  around  the  following  HRM  considerations: 

o  Consideration  of  Human  Resource  requirements  in  long  range  strategic 
planning 

o  Continuous  monitoring  of  technological  innovation  to  assess  its  impact 
on  human  resources  at  all  levels  of  the  organization  -  shop  floor  to 
front  office 

o  Developing  strategies  for  training  current  personnel 
o  Developing  new  policies  for  employees. 

Materials  Management  -  Material  costs  can  represent  50*  or  more  of  total 
weapon  system  costs.  As  our  aerospace  system  becomes  more  sophisticated 
and  complex,  material  costs  and  the  cost  of  maintaining  inventories  can  reach 
astronomical  levels.  As  a  result,  the  coalition,  in  recognizing  this 
situation,  developed  concepts  for  materials  management  to  assure  that  the 
right  materials,  facilities,  components  or  subcontracted  assemblies  are 
available:  1)  at  reasonable  cost,  2)  with  the  desired  quality,  3)  in  the 
needed  amount,  4)  at  the  required  time,  and  5)  where  needed.  To  support 
this  requiement,  specific  conepts  were  developed  around: 

o  Effective  selection  of  vendors,  suppliers  and  subcontractors 
o  Hear  real-time  communications  with  vendors,  supplies  and  subcontractors 
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o  Advanced  planning  for  material  requirements 
o  Control  of  materials  inventory 

o  Establishing  production  facilities  with  flexible  equipment 
o  Control  and  management  of  materials  at  the  enterprise  level. 

Financial  Management  -  Management  of  finance  in  the  FoF  will  be  as 
critical  a9  in  the  Factory  of  Today.  However,  in  the  FoF  financial  emphasis 
must  shift  from  profitability  in  the  short  run  to:  profitability  in  the  long 
run  and  what  resources  must  be  expended  to  remain  competitive.  In  addition, 
the  theoretical  framework  of  factory  operations  which  forms  the  basis  of  our 
financial  analysis  techniques  must  be  changed  to  meet  actual  operational 
conditions.  This  implies  a  shift  from  financial  measurements  based  upon 
direct  touch  labor  (now  approximately  10%  of  our  workforce)  to  financial 
measurements  that  reflect  the  time  costs  of  people,  operations,  and  processes 
required  to  produce  the  product. 

To  support  this  financial  management  approach,  concepts  were  established 
to  support  the: 

o  Accurate  and  timely  collection,  storage  and  manipulation  of  financial 
data 

o  Accurate  forecasting  and  estimating  of  financial  trends 
o  Development  of  tools  and  techniques  for  dynamic  financial  analysis 
o  Improvement  of  general  accounting  procedures 
o  Efficient  financial  measurement  and  analysis 

3. 2. 3. 2  Task  B.  Establish  Factory  of  the  Future  Conceptual  Framework 
(WBS  4 , 2  ■  3 ■ 2) 

The  coalition  prepared  IDEF0  models  of  the  ”T0  BE"  Conceptual  Framework 
which  addressed  the  needs  and  improvement  concepts  identified  in  the  Needs 
Analysis  Document,  System  Requirements  Document,  and  System  Specification. 
These  models  were  correlated  with  the  existing  ICAM  Architectures  (i.e., 

MFG0,  DES0  and  QA/QC0)  in  Section  6.0  of  the  Conceptual  Framework  document. 

Initially,  the  coalition  envisioned  a  set  of  detailed  function  models  to 
describe  the  1995  aerospace  factory.  This  vision  was  not  realized  as  the 
extensive  scope  of  the  Task  B  effort  precluded  the  detailing  originally 
envisioned.  At  the  root  of  the  problem  was  the  generic  nature  of  the 
functions  and  concepts,  which,  While  ideal  to  form  a  basis  for  system  design 
were  not  specific  enough  to  permit  a  consistent  viewpoint  for  detailed 
modeling  below  the  second  level. 

To  counteract  this  lack  of  a  consistent  viewpoint,  the  coalition  attempted 
to  model  the  FoF  with  different  viewpoints  as  reflected  by  the  seven  needs 
categories,  i.e.,  Information  Resource  Management,  Product  Assurance,  etc. 
There  is  an  extensive  incomplete  set  of  working  ZDEF0  models  as  a  result. 

This  approach  was  dropped  when  it  became  apparent  that  its  time  consuming. 
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complex  effort  nature  would  prohibit  completing  the  remaining  task  efforts. 
At  a  result  of  this  uncompleted  attempt  at  detailed  modeling  of  the  FoF,  the 
coalition  concluded  that  detailed  models  would  be  more  appropriate  when 
addressing  specific  factories  vis-a-vis  a  generic  factory.  That  is  it  would 
be  easier  to  hold  a  consistent  viewpoint  for  the  FoF  model  of  a  Vought  Aero 
Products  Division  or  a  GD/FW. 


3. 2. 3. 3  Analyze  Factory  Framework  Centers  and  Subsystems  Interactions 


(WBS  4.2.3 .3) 


The  Conceptual  Framework  Document  (HMR110512000) ,  provides  a  detailed 
discussion  on  the  Conceptual  Framework  the  reader  is  referred  to  Volume  II, 
Part  6  of  the  Final  Technical  Report. 


In  the  Conceptual  Framework  Document,  an  approach  for  achieving 
computer- integrated  manufacturing  through  the  1995  time  frame  Ilf  presented. 
First,  the  aerospace  enterprise  (factory)  is  presented  as  a  total  system,  its 
goals  are  reviewed,  its  operating  environment  is  discussed,  its  principles  of 
operation  are  defined,  its  functions  are  described,  and  its  major  components 
are  identified.  Second,  the  major  factory  components  are  discussed  from  a 
physical  view  (people,  production  tools  and  equipment,  facilities,  and 
computer  communication  networks)  and  from  a  logical  view  (the  enterprise 
common  data  base  and  the  logical  processes  used  to  manipulate 
data/information).  Major  components  of  the  FoF  system  were  presented  from  a 
physical  and  logical  view  to: 

o  Curb  the  current  practice  of  addressing  the  FoF  in  terms  of  specific 
applications  (capabilities)  e.g.,  MRP  I  and  II,  CAD/CAM,  flexible 
machining,  integrated  sheet  metal  center,  group  technology,  etc.  These 
are  but  specific  applications  of  technology  and  evolve  over  time,  e.g., 
MRP  I  became  MRP  II,  NC  now  consists  of  CNC  and  DNC,  etc.  The  total 
view  of  the  factory  especially  the  FoF,  is  much  larger  than  individual 
applications.  It  is  the  integration  of  these  capabilities  that 
determine  the  FoF  system. 


o  Stress  that  the  factory  is  more  than  an  accumulation  of  physical 

resources  used  to  produce  product.  These  physical  resources  (people, 
product  tools,  equipment,  and  the  information  processing  communication 
network)  are  vital  -  yet  by  themselves  they  cannot  produce  a  product. 

It  is  human  reasoning  (logic)  developing  specific  capabilities 
(procedures  and  techniques)  to  achieve  a  goal  (e.g.,  build  part,  build 
assembly)  and  the  transfer  of  these  procedures  and  techniques  as 
information  to  integrate  the  operations  of  the  physical  components  that 
is  the  second  essential  element.  This  is  the  95%  of  manufacturing 
operations  related  to  data  processing  that  is  cited  by  authorities 
(e.g.,  James  F.  Lardner  and  Joseph  Harrington,  Jr.). 
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o  Shift  the  embedded  traditional  thought  process  of  equating  factory  to 
shop  floor.  We,  the  coalition,  want  the  factory  to  be  thought  of  in 
terms  of  the  total  enterprise  not  the  5%  represented  by  the  shop  floor. 

Third,  this  document  describes  through  1995,  an  integrated  aerospace 
enterprise  composed  of  specific  operation  centers  that  support  all  the 
functions  identified  in  the  Conceptual  Framework. 

3 . 3  Establish  Integrated  Composite  Center  Conceptual  Requirements  Task  C 


The  purpose  of  Task  C  was  to  establish  preliminary  designs  and 
specifications  for  a  computer-aided  composites  manufacturing  center  that 
integrates  all  activities  required  to  produce  composite  components  for  small 
and  large  aircraft  structures  in  an  automated  "paperless"  factory.  An  outline 
of  the  UBS  items  used  to  accomplish  Task  C  is  shown  in  Figure  3-10. 


Figure  3-10.  Task  C  Objectives  by  UBS 
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3.3.1  Establish  Integrated  Composites  Center  Scope  (WBS  4.3.1} 


The  statement-of-work  specified  that  the  Contractor  establish  the  scope  of 
the  Integrated  Composites  Center  within  the  environment  of  current  "AS  IS" 
manufacturing.  The  scope  va3  to  include  listings,  together  with  textual 
descriptions,  of  all  functions  and  information  entities  within  the 
Architecture  of  Manufacturing  whether  performed  by,  interacting  with,  created 
by,  or  utilized  by  the  Integrated  Composites  Center,  (see  Table  3-1  and  3-2). 


The  resulting  scoping  document  was  constructed  to  be  in  accordance  with 
ICAM  Documentation  Standards  and  to  reflect  the  areas  of  the  function  and 
information  models  of  manufacturing  referred  to  as  HFG0  and  MFG1  (see  Table 
3-3).  The  scope  also  contains  the  highest  level  function  diagram  (A-0)  (see 
Figure  3-11)  of  the  integrated  composites  purpose  and  viewpoint  plus,  at  a 
minimum,  the  first  level  decomposition  of  the  model  (A-0). 


These  requirements  were  documented  In  the  Scoping  Document  (SD),  SD 
110511000  which  was  submitted  to  the  Air  Force  on  30  June  1982  and 
subsequently  published.  (Refer  to  Volume  III,  part  1  of  the  Final  Technical 
Report) . 


The  statement-of-work  also  required  the  Contractor  to  evaluate  existing 
and  future  composites  hardware  production  goals  for  both  fighter  and 
bomber/ transport- type  aircraft.  Predictions  were  to  be  made  of  all  possible 
aircraft  structures  in  the  1981-1991  timeframe.  Ranges  of  production  were  to 
be  predicted  and  the  kinds  and  numbers  (quantities)  of  composite  structures  to 
be  fabricated  were  to  be  estimated. 


3.3.2  Establish  Meeds  Analysis  (WBS  4.3.2) 


The  Heeds  Analysis  task  was  undertaken  to  form  a  baseline  for  the 
conceptual  and  preliminary  designs  of  the  Integrated  Composites  Center. 
Deficiencies  were  identified  and  methodology  and  technology  improvements  to 
correct  those  deficiencies  were  investigated.  The  coalition  also: 


Identified  the  desired  extent  of  the  interaction  of  composites 
manufacturing  with  design  engineering. 

Explored  existing  end  desired  performance  measures  of  factory 
management  level  systems  and  shop  floor  control  level  processes. 


3. 3. 2.1  Background 


Structures  produced  from  composite  materials  are  part  of  virtually  every 
modem  military  and  commercial  aircraft  flying  today.  These  materials  have, 
revolutionized  the  entire  airframe  industry  and  their  use  will  continue  to 
Increase. 
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Table  3-1.  Environment  of  ICC  Conceptual  Design 


Design/ Manufacturing  Functions 

Oesign 

Application  Area 

— — “ — - — 

Materials 

Processes 

Tooling 

Techniques 

Planning  and 
Control 

Fuselage 

Side  Panels 
Bulkheads 

Frames 

Longerons 

Doors 

Wing 

Covers 

Substructure 

Feathers 

Hard  Points 

Empennage 

Covers 

Substructure 

Rudder 

Design 

Conditions 

Temperatuare 

Moisture 

Loed 

Electrical 

Thermal  CDEFF 
Stiffness 
Geometry  v_ 
Maintainability 
Reliability 

Mfg  Cost 

OA 

Specifications 

Type 

Fabrication 

Materials 

Testing 

Ultrasonic 

Radiographic 

Visual 

Audio 

Tracking 

Trend  Analysis 
Material  Review 
Board  System 
Config  Mgmt 
Corrective 

Action  System 
Cost  Analysis 

Methods/Systems 

Fiberglass 

Kevlar 

Graphitelsl 

Boron 

Others 

Matrix 

Polymide 

Epoxy 

Metal 

Others 

Form 

Tape 

Broadgoods 

Filaments/ 

Tows 

Woven 

Mat 

Condition 

Prepreg 

Dry 

Material 

Sampling 

Procedures 
Techniques 
Trend  Data 
Equipment 
Location 

Hand  Layup 
Robotics 

Tapa  Layup 
Spray  Up 
Pultrude 
Blowmold 
Automatic 
Broadgoods 
Layup 

Transfer 

Hand 

Robotics 

Flip 

Flying  Carpat 
Vacuum 

Cure 

Autoclave 

Oven 

Air 

Assembly 

Bond 

Drill/Fasten 

Inserts 

Cocure 

Equipmont 

Inspection 

Maintenance 

Service 

Calibration 

Composites 
Metallic 
Ceramic 
Elastomeric 
"Wash  Out" 
Salt  Mandrels 
Collepsibie 
Rubber 
Bladder  Bags 

Control 

Inspection 
Calibration 
l&R  Control 

Scheduling 

Rework 

Repair 

Inspection 

Process  Planning 
Production 

Ordering 

Scheduling 

Shop  Loading 
Performance 
Measurement 
Material  Storage 
Inventory 
Management 
Parts/Tool 

Tracking 

Work-in-Process 

Tracing 

Inspection  Racords 
Testing  Equipment 
Quality 

Procedures 

Scrap/Rewort 

Analysis 

Test  Inspection 
and  Evaluation 
Approach 

Analysis 

Management 

Methods 

Variance  Analysis 
Methods 
Improvement 
Numerical  Control 
Data 

Process  Software 
Manufacturing/ 
Design  Cost 
Troda-Offs 
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Table  3-2.  Physical  Functions  of  the  ICC 


1.  Design  composite  parts 

2.  Develop  quality  assurance  plans  for  composites 

3.  Develop  and  produce  tooling  for  composites 

4.  Receive  and  inspect  incoming  raw  materials 

5.  Receive  and  inspect  detail  parts  (from  other  Centers) 

6.  Clean  and  prepare  detail  parts 

7.  Dispense  raw  materials 

8.  Cut  plies 

9 .  Kit  plies 

10.  Kit  detail  parts  and  plies 

11.  Orient,  position  and  stack  plies 

12.  Debulk  laminate 

13.  Inspect  uncured  laminate 

14.  Form  laminate 

15.  Place  laminate  on  curing  tool 

16.  Bag,  leak  check,  and  inspect 

17.  Cure 

18.  Trim  end  drill  laminate 

19.  Inspect  laminate 

20.  Prefit  subassembly  details 

21.  Join  laminates  and  details 

22.  Inspect  and  prepare  curing  tools 

23.  Inspect  completed  structures 

24.  Rework  and  repair  discrepant  structures 

25.  Move  and  store  kits,  parts  and  tools 

26.  Initiate  inspection  records  (for  historical  records  and  trend  analysis) 


Table  3-3.  Integrated  Composite  Center  Functions 


Architecture  Node 

Function  Title 

MFG  A-ll 

Manage  Product 

DES  A1 

Develop  Conceptual  Design 

DES  A2 

Develop  Preliminary  Design 

DES  A3 

Develop  Detail  Design 

MFG  A1 

Plan  For  Manufacture 

MFG  A2 

Make  fc  Administer  Schedules  and  Budgets 

MFG  A3 

Plan  Production 

MFG  A4 

Provide  Production  Resources 

MFG  A5 

Obtain  Manufacturing  Materials 

MFG  A6 

Produce  Product 

QA  A1 

Develop  Quality  Requirements 

QA  A2 

Prepare  Quality  Plan 

QA  A3 

Provide  QA/QC  Resources 

QA  A4 

Implement  Quality  Plen 

QA  A5 

Evaluate  QA/QC  Effectiveness 

MFG  A- 14 

Provide  For  Product  Logistics 
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Despite  their  increased  use,  composite  structures  are  still  being  produced 
in  a  very  inefficient  (labor-intensive)  manner,  particularly  in  6uch  areas  as 
laminating,  bagging,  trim-ond-drilling,  production  flow,  etc.  Hot  only  is 
this  c  major  problem  for  current  production  programs  but,  as  the  rate  and 
complexity  of  composites  production  increases,  the  requirement  for  automated 
production,  planning  and  control,  and  quality  assurance  becomes  critical. 

3. 3. 2. 2  Requirements 

The  task  was  to  identify  major  needs  (perceived  deficiencies)  that 
impacted  the  fabrication  and  subassembly  of  composites  structures  and  could  be 
alleviated  through  application  of  new  technology  or  changes  in  operational 
methodology.  These  results  would  then  be  used  to  form  a  baseline  for 
developing  the  conceptual  and  preliminary  designs  for  the  Integrated 
Composites  Center.  Additionally,  the  degree  of  Cesign/manufacturing 
interaction  was  to  be  analyzed  and  recommendations  made  as  to  integration  of 
these  two  functional  activities.  Performance  measures  for  factory  level 
planning,  scheduling,  controlling,  QA/QC  and  shop  floor  control  were  to  be 
investigated,  analyzed  and  recommended. 

Thus,  the  first  step  taken  by  the  coalition  was  to  identify  the  key  areas 
needing  improvement  and  the  second  step  was  to  analyze  these  areas  in  terms  of 
cost/performance  and  human  factors.  Next,  the  identified  needs  in  the  "AS  IS" 
factory  were  prioritized  by  a  subjective  rating  system  as  follows: 

o  Improved  laminating  techniques 
o  Improved  bagging  materials  and  techniques 
o  Improved  "up  front"  design,  manufacturing,  QA  interface 
o  Improved  curing  procedures 
o  Improved  material  and  material  forms 
o  Better  tooling 

o  QA/QC,  HDT  improvements  and  enhancements 
o  Human  factors 
o  Trim  and  drill  enhancements 

o  Material  handling,  material  kitting 
o  Manufacturing  planning  and  control 
o  Shop  floor  control 
o  Integral  structures 
o  Aumoated  design  tools. 

These  primary  needs  are  discussed  in  the  following  paragraphs. 

3. 3. 2. 2.1  Improved  Laminating  Techniques 

An  immediate  need  in  the  aerospace  community  is  to  improve  laminating 
techniques  which  are  predominantly  labor-intensive  and  time  consuming.  There 
were  a  few  exceptions  to  this  method  where  production  facilities  used 
tape-laying  machines  or  industrial  robots  for  laminating.  However,  even  with 
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Despite  their  increased  use,  composite  structures  are  still  being  produced 
in  e  very  inefficient  (labor-intensive)  manner,  particularly  in  such  areas  as 
laminating,  bagging,  trin-and-drllling.  production  flow,  etc.  Mot  only  is 
this  a  major  problem  for  current  production  programs  but,  ss  the  rate  end 
complexity  of  composites  production  increases,  the  requirement  for  automated 
production,  planning  end  control,  and  quality  assurance  becomes  critical. 


3. 3. 2. 2  Requirements 


The  task  was  to  identify  major  needs  (perceived  deficiencies)  that 
impacted  the  fabrication  and  subassembly  of  composites  structures  and  could  be 
i.leviated  through  application  of  new  technology  or  changes  in  operational 
methodology.  These  results  would  then  be  used  to  form  a  baseline  for 
developing  the  conceptual  and  preliminary  designs  for  the  Integrated 
Composites  Center.  Additionally,  the  degree  of  design/manufacturing 
interaction  was  tc  be  analyzed  and  recommendations  made  as  to  integration  of 
these  two  functional  activities.  Performance  moasuros  for  factory  level 
planning,  scheduling,  controlling,  QA/QC  and  shop  floor  control  were  to  be 
investigated,  analyzed  and  recommended. 


Thus,  the  first  step  taken  by  the  coalition  was  to  identify  the  key  areas 
needing  improvement  and  the  second  step  was  to  analyze  these  areas  in  terns  of 
cost/performance  and  human  factors.  Next,  the  identified  needs  in  the  "AS  I**.” 
factory  were  prioritized  by  a  subjective  rating  system  as  follows: 


o  Improved  laminating  techniques 
o  Irapro  -ed  bagging  materials  and  techniques 
o  Improved  "up  front”  design,  manufacturing,  QA  interface 
o  Improved  curing  procedures 
o  Improved  material  and  material  forms 
o  Better  tooling 

o  QA/QC,  NOT  improvements  and  enhancements 
o  Human  factors 
o  Trim  and  drill  enhancements 


o  Haterial  handling,  material  kitting 
o  Manufacturing  planning  and  control 
o  Shop  floor  control 


o  Integral  structures 
o  Aumoated  design  tools. 

These  primary  needs  are  discussed  in  the  following  paragraphs. 
3 . 3 . 2 . 2 . 1  Improved  Laminating  Techniques 


An  immediate  need  in  the  aerospace  community  is  to  improve  laminating 
techniques  which  are  predominantly  labor-intensive  and  time  consuming.  There 
were  a  few  exceptions  to  this  method  where  production  facilities  used 
tope-laying  machines  or  industrial  robots  for  leminating.  However,  even  with 
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these  automate.!  laminating  techniques,  the  parts  being  fabricated  were 
essentially  flat  or  only  slightly  contoured,  whereas  the  next  generation  of 
aircraft  will  use  a  larger  percentage  of  laminates  on  complex  curved 
structures,  e.g.,  wings,  fuselages  and  the  entire  empennage. 

These  more  complex  structures  will  require  increasingly  sophisticated 
methods  of  laminating.  Automated  machines  must  be  able  to  dispense  both 
narrow  and  wide  tapes.  A  future  laminating  cell  should  be  capable  of 
automatically  laminating  any  type  or  size  of  structure  employing  such 
mechanical  devices  as  tape-laying  robots,  winding  techniques,  and  advanced 
molding  techniques  such  as  pultrusion.  Theoretically,  this  would  remove  the 
human  element  from  the  cell  -  a  major  savings  in  time  and  cost. 

bebulking,  another  operation  closely  aligned  with  the  lamination  process, 
needs  substantial  improvement.  Debulking  is  the  process  of  densifying  plies 
during  layup.  It  is  usually  done  by  applying  pressure  to  a  stack  of  plies 
enclosed  in  a  vacuum  bag.  In  fabricating  relatively  thick  laminates  at  the 
present  time,  as  many  as  10  to  15  debulk  cycles  are  required  resulting  in  a 
substantial  cost  increase. 

A  need  to  eliminate  debulking  for  all  flat  laminates  was  Identified  to 
greatly  reduce  the  number  of  cycles  for  complexly-contoured  laminates.  Thus, 
the  need  for  the  debulking  process  must  be  established.  If  there  is  a 
definite  need  for  debulking,  then  improved  debulking  techniques  must  be 
developed  to  minimize  the  cost  of  this  procedure. 

3. 3. 2. 2. 2  Improved  Bagging  Materials  and  Techniques 

Current  baggi.’.j  procedures  are  labor-intensive  and  require  constant 
monitoring  and  chocxing.  Two  bagging  methods  are  presently  used:  (I)  a 
disposable  nylon  bag,  and  (2)  a  reusable  rubber  bag.  These  bags  provide  an 
air-tight  membrane  from  which  a  vacuum  can  be  pulled. 

Disposable  bags  must  be  continually  checked  for  leaks.  They  do  not 
conform  well  to  complex  laminates.  As  a  result,  blown  bags  are  common  during 
the  curing  of  complex  laminates. 

Reusable  rubber  bags  can  be  recycled  through  a  finite  number  of  cure 
cycles  before  they  degrade.  They  are  tailored  to  conform  to  the  configuration 
of  the  lamination.  They  are  less  prone  to  leaks  and,  as  more  pressure  is 
applied  in  the  autoclave,  the  bag  seal  becomes  tighter  which  eliminatec 
peei-back. 

If  the  requirement  to  bag  parts  for  curing  continues,  there  will  bo  a  need 
to  improve  current  bagging  techniques.  Reuseable  rubber  bags  will  speed  the 
actual  bagging  process,  allowing  it  to  be  automated.  This  will  reduce  bagging 
hours,  the  number  of  scrapped  parts  due  to  leaks  and  blown  bags  and  will 
produce  cost  savings  due  to  the  lower  life  cycle  costs  of  reusable  bag3. 
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3. 3. 2. 2. 3 


uroved  "Up  Front"  Design  Manufacturing  QA  Interface 


As  much  as  90%  of  the  commitment  of  funds  for  new  aircraft  systems  are 
made  during  the  design  phase  of  a  new  program.  By  the  time  production  is 
initiated,  tooling,  manufacturing  and  facilities  costs  are  locked  in.  To 
impact  these  costs,  feasible  design  alternatives,  manufacturing  approaches  and 
material  systems  will  have  to  be  evaluated  at  the  conceptual  stage. 


This  could  be  done  by  having  accessibility  to  a  "global"  data  bank  of 
information  containing  a  manufacturing  cost/d'- -.ign  guide,  a  structural 
composites  fabrication  guide  and  an  advanced  composites  design  guide. 
Analyses  of  this  data  would  ensure  that  new  programs  take  full  advantage  of 
the  learning  that  has  taken  place  on  existing  and  prior  programs  as  well  as 
various  advancements  in  research  and  development. 


3 . 3 . 2 . 2 . 4  Improved  Curing  Procedures 


Needs  which  require  improvement  in  the  area  of  component  composite  curing 
include: 


o  A  method  to  monitor  and  control  ir.-proces3  anomalies.  A  feedback  loop 
is  needed  to  eliminate  scrap  due  to  bad  cures  and  voids  from  the 
entrapment  of  gas  bubbles. 


o  Development  of  an  automatic  autoclave  loading  system.  This  would 

reduce  amounts  tied-up  in  capital  requirements,  lower  operating  costs, 
and  possibly  permit  recycling  of  perishables,  i.e.,  nitrogen  or  hot  air. 

o  A  method  of  reducing  total  curing  time,  temperature  and  pressure.  A 
possibility  exists  in  improved,  quick-cure  resin  systems  as  well  as 
innovative  curing  techniques  such  as  microwave  and  radio  frequency. 

3 . 3 . 2 . 2 . 5  Improved  Material  and  Material  Forms 

Although  there  are  risks  associated  with  introducing  new  material  systems 
into  on-going  production  programs,  the  coalition  tentatively  established  the 
requirements  for  composite  materials  as  follows: 


o  Simple-to-process  organic  matrix  resins 
o  Tougher  matrix  material  with  greater  impact  resistance 
o  More  environmentally  stable  materials 

o  Moisture-resistant  (250*  -  300°  F  curing)  tough  resin  systems  for 
subsonic  military  aircraft 

o  Greater  thermal  stability  for  the  350*  F  cure  system  for  fighter 
aircraft 

o  Tighter  control  of  material  tack 

o  Longer,  or  unlimited,  out-time  without  refrigeration 
o  Increased  testing  and  characterization  of  thermoplastics 
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o  Lower  fiber  and  resin  matrix  coats 
o  Higher  temperature  resin  systems 
o  Continued  development  of  hybrid  composites 
o  Development  of  colf-adhesi ve  material  systems 
o  Continued  investigation  into  radar-absorbing  materials 
o  Tighter  control  of  resin/fiber  content  by  the  vendor 
o  Development  of  an  experimentally  generated  data  base  in  composite 
materials  maintainability  and  field  repair 
O  Continued  work  on  "whisker"  composites 

o  Investigation  into  resins  with  thermal  stability  in  the  350*  -  500*  F 
range  with  high  strain-to-f ailure  ratios,  i.e.,  bismaleimides , 
polyimides,  c>.tc . 

o  Investigation  of  methods  to  allow  the  aerospace  community  more  control 
over  all  composite  material  processing.  This  might  entail  the  industry 
becoming  vertically  integrated  or  the  possible  development  of 
intermediaries  to  provide  first  and  second-stage  processing  on  material 
before  it  is  passed  on  to  the  end-user. 

At  the  present  time,  there  is  a  pressing  need  to  investigate  the  dichotomy 
that  exists  between  maintaining  the  existing  interindustry  segregated 
structure  and  embracing  a  vertical  integration  structure.  The  following 
questions  must  be  answered  in  deciding  whether  to  integrate  other  related 
production  operations  into  an  existing  corporate  structure. 

O  Can  present  facilities  be  used  or  are  new  facilities  required? 

o  Are  thee  sufficient  financial  and  capital  resources  available  to 
either  build  or  acquire  existing  companies? 

o  What  new  management  talents  and  technical  skills  are  needed  to 
integrate  with  minimum  interruption? 

o  Is  there  a  way  of  increasing  competition  within  today’s  traditional 
relationship? 

o  If  vertical  integration  occurs,  will  it  result  in  the  production  of  an 
excess  quantity  of  goods  which  must  be  disposed? 

o  How  sensitive  is  the  community  to  raw  material  processing? 

o  Would  regulations  regarding  monopolies  and  restraint  of  trade  be  a 
problem? 

3. 3. 2. 2. 6  Better  Tooling 

Meeds  to  improve  composite  tooling  to  meet  future  requirements  and 
alleviate  existing  bottlenecks  include: 
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o  Tooling  that  is  durable,  dimensionally  stable,  leak-proof  end 
inexpensive 

o  Tools  “based"  on  mathematical  models,  in  conjunction  with  CAD/CAM 
interface,  to  produce  exact  replicates 

o  Tools  designed  to  accommodate  reusable  bags  which  have  built-in 
integral  thermocouple  sensors,  integral  venting,  built-in  dams  and 
other  required  instrumentation 

o  Tools  with  a  surface  finish  that  minimizes  preparation  time  for  layup 
and  allows  easy  removal  of  the  cured  component 

o  Enhanced  tool  repairabillty 

o  Methods  to  automatically  move,  store  and  control  tools  based  on  their 
sequence  of  use. 


m 


3 . 3 . 2 . 2 . 7  QA/QC/HDT  Improvements  and  Enhancements 

The  current  approach  to  quality  assurance/quality  control  and 
non-destructive  testing  is  often  redundant,  time-consuming,  labor-intensive 
and  costly.  The  following  problems  are  linked  with  QA/QC  engineering  and 
planning . 


o  Not  being  able  to  collectively  assess  the  effect  of  defects 

o  Not  being  able  to  determine  exactly  what  is  critical  to  the  structural 

integrity  of  the  part  or  component 

o  Not  being  able  to  relax  the  current  requirement  for  100X  inspection 

o  Not  being  able  to  relax  the  demand  for  perfect  composite  parts  (never  a 

requirement  for  metallic  parts). 


In  their  analyses,  the  coalition  identified  the  following  needs  which  were 
required  to  enhance  inspection  procedures. 


o  Streamline  the  NDT  process  by  developing  statistical  data  analysis 
techniques  based  on  destructive  testing  of  scrap  parts 
o  Newer,  quicker  procedures  to  inspect  the  wing/fuselage  interface,  i.e., 
bolted  joints  in  composite  structures 
o  Reduce  dependence  of  human  interpretation  of  x-rays  through  automated 
video-enhancement  techniques 
o  A  computer-integrated  ultrasonics  inspection  system. 

3. 3. 2. 2. 8  Human  Factors 


The  "AS  IS"  factory  environment  for  composite  fabrication  is  extremely 
labor-intensive  except  for  those  computer-driven  systems  which  automatically 
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cut  preprog  broedgoods  end  the  ceraporite  fabricator*  that  employ  automatic 
tape  layers.  One  other  exception  ir  autoclave  curing  which  is  computer- 
controlled  but  manually  loaded  and  monitored. 

There  is  a  need  to  overcome  general  personnel  problems  such  as:  low 
morale;  falling  productivity;  negative  job  satisfaction;  interpersonal 
conflicts;  job  stress  and  overlapping  or  duplication  of  effort.  To  improve 
the  motivational  goals  of  employees,  the  following  suggestions  were  offered: 

o  Educating  personnel  to  the  effects  of  automation 

o  Developing  positive  programs  to  overcome  the  natural  resistance  to 
change 

o  Realistically  defining  goals  and  objectives  of  the  organization  and 
communicating  them  to  all  employees 

o  Establishing  an  effective  recruiting,  training,  development  program 
o  Constantly  reaffirming  the  organization’s  objectives 
o  Continually  evaluating  the  activities  of  the  organization  in  relation 
to  its  people  and  the  external  environment. 

3 . 3 . 2 . 2 . 9  Trim  and  Drill  Enhancements 

The  current  approach  to  trimming,  drilling,  countersinking  and  reaming  is 
predominantly  labor-oriented  and  physically  hazardous.  What  is  needed  to 
enhance  these  operations  is  to: 

o  Reduce  the  number  of  detail  parts  by  design 
o  Reduce  the  requirements  for  fasteners  by  using  bonded  joints 
o  Develop  the  proper  equipment  with  the  right  speeds  and  feeds 
o  Reduce  or  eliminate  inspection  procedures 
o  Automate  both  drilling  and  trimming  operations 
o  Fabricate  parts  "net"  to  reduce  trimming 
o  Investigate  new  methods  of  cutting  and  trimming 
o  Cut-in  or  mold-in  holes  during  lamination. 

3.3.2.2.10  Material  Handling  Material  Kitting 

Because  most  of  the  work  in  material  handling  and  material  kitting  is 
hand-labor,  an  integrated  system  that  provides  for  the  storage  and  transfer  of 
all  materials  and  tools  used  In  the  fabrication  process  is  needed.  Emphasis 
mould  be  concentrated  on  developing: 

o  An  effective  autoclave  loading  and  unloading  system 
o  An  automated  storage  and  retrieval  system  for  movement  of  prepreg 
material,  in  or  out  of  the  freezer 

o  A  system  to  move,  store  and  control  the  layup/bonding  tools  within  the 
production  center 

o  An  effective  means  of  moving  large  plies  or  parts  in  or  out  of  the 
layup  fixture 

o  A  "hands-off”  system  to  effectively  conduct  non-destructive  evaluation 
when  employing  of  x-ray  or  C-scan. 
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It  is  possible  that  this  integrated  material  handling  system  could  be 
married  to  a  sophisticated  kitting  control  system  which  would  maintain  the 
work-in-proces*  inventory  within  the  freezer. 

3 . 3 . 2 . 2 . 1 1  Manufacturing  Planning  and  Control 

Since  composite  manuf acturing  is  a  flow  process,  it  is  incumbent  on 
management  to  develop  and  implement  realistic  and  cost-effective  planning  and 
control  mechanisms.  There  is  a  pressing  need  for  automated  systems  that  could 
relieve  the  current  or- potentially  "strained"  production  planning  and  control 
mechanisms.  These  systems  should  have  the  capability  of: 

o  Reducing  the  amount  of  paper  generated  in  today's  factory 

o  Manloading  the  shop 

o  Furnishing  current  composite  work  instructions,  components  and  tools 
and  be  able  to  report  shortages 

o  Tracking  work  performed  and  identifying  any  anomalies 

o  Providing  schedules  that  detail  arrival  time,  start  time  and  completion 
dates  of  detail  parts  and  subassemblies 

3.3.2.2.12  Shop  Floor  Control 

Current  shop  floor  control  systems  can  be  summarized  as  factory-hour  data 
collection  and  job  tracking  systems.  Their  inability  to  effectively  control 
and  plan  the  dynamic  aspects  of  composites  manufacturing  is  a  major 
shortcoming.  This  shortcoming  can  be  attributed  to  the  following: 

o  Current  systems  do  not  measure  performance  at  a  low  enough  level  to  be 
effective  in  planning  the  actual  work  content  and  flow  time 

o  The  collected  data  is  often  not  available  in  an  accurate  and  timely 
manner 

o  All  of  the  necessary  resources  needed  to  produce  composite  parts  are 
not  controlled  by  the  same  system 

o  The  shop  floor  control  systems  are  poorly  integrated  with  the  other 
factory  systems 

o  These  systems  do  not  provide  a  data  base  for  storing  and  retrieving  all 
of  the  production  information  needed  and  generated  in  the  manufacturing 
process 

o  Current  systems  are  inadequate  in  terms  of  decision  support  information 
for  production  management 

o  "AS  IS"  systems,  because,  they  are  intended  to  support  factory-wide 
operations,  are  difficult  to  change  to  support  the  unique  needs  of 
composites  manufacturing 

o  Despite  the  semiautomated  production  control  systems  In  use,  shop  floor 
control  is  still  extremely  labor-intensive. 
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rue  lures 


The  coalition  found  that  current  thinking  on  integral  structures  in  the 
composite  community  is  centered  around  two  major  ideas:  1)  ways  to  reduce 
costs  of  composite  parts,  and  2)  the  development  of  innovative  design 
concepts  which  can  use  composite  materials.  One  of  the  most  revolutionary 
aspects  of  composite  manufacturing  is  the  idea  of  building  assemblies  as 
opposed  to  building  detail  parts  and  subsequently  assembling  them. 


However,  to  increase  the  rate  production  of  large  integral  composite 
structures,  technological  improvements  are  needed  in  the  following  areas: 


o  Cocuring  of  structural  components  with  confidence 
o  Rapid  inspection  of  complex  structures 

o  Quickly,  reliably,  and  inexpensively  producing  contoured  and  formed 
laminates 

o  Repair  and/or  rework  of  integral  structures  to  correct  manufacturing 
defects  and/or  field  damage 

o  Designing  and  building  foolproof  tooling  for  cocured  structures 
o  Movement,  storing,  and  curing  of  large  complex  structures 
o  Production  of  flat  laminates  automatically 
o  Formation  of  flat  laminates 
o  Production  of  structural  stiffeners  at  rate 

o  Effective  integration  of  the  design  requirements  with  the  automated 
production  capability  to  achieve  optimum  performance/co6t  tradeoffs. 


3.3.2.2.14  Automated  Design  Tools 


At  present,  there  needs  to  be  an  automated  method  of  translating  stress 
and  loads  data  requirements  into  laminate  designs.  Because  the  manufacturing 
environment  is  evolving,  cost  drivers  are  constantly  changing  in  priority  and 
magnitude.  As  a  result,  the  tendency  is  to  design  a  part  based  upon  current 
manufacturing  techniques.  This  may  be  the  single  largest  inhibitor  to 
productivity  improvements  in  composites  manufacturing.  From  this,  two  major 
needs  arise;  1)  the  need  for  a  very  close  contact  between  composite  part 
designers  and  manufacturing  technologists,  and  2)  the  need  for  an  accurate, 
timely  and  easy-to-uso  means  of  accessing  cost  tradeoff  data  and  analytical 
tools . 


The  ability  to  predicate  designs  on  the  "TO  BE"  versus  "AS  IS" 
manufacturing  methods  will  be  a  major  driver  in  the  development  and 
implementation  of  new  technology.  Five  basic  needs  were  found  in  the  area  of 
computer-aided  design  and  its  interaction  with  manufacturing  and  quality 
assurance. 


o  There  must  be  the  capability  to  design  a  compound-contoured  composite 
structure  in  three  dimensions  and  automatically  extract  flat  pattern 
layouts  for  each  ply  (automatically  translate  3-D  to  2-D). 
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o  Th*  3-D  design  model  must  be  directly  translatable  Into  quality 
assurance  inspection  criteria  to  support  the  automated  and 
semiautomated  Inspection  of  composite  structures  end  to  aid  in  the 
objective  disposition  of  non- conforming  parts, 
o  The  3-D  and  2-D  design  model  must  be  directly  translatable  into  control 
commands  to  drive  automated  manufacturing  end  inspection  equipment  such 
as  robots,  tape  layers,  cutters,  nesting  systems,  ultrasonic  and  X-ray 
devices  and  material  handling  equipment, 
o  The  design  model  and  its  parent  models  (for  its  next  higher  assembly) 
must  be  available  for,  and  used  to,  design,  coordinate,  and  manufacture 
all  tooling  and  check  fixtures  for  both  the  fabrication  and  assembly  of 
composite  structures  and  their  installation  on  the  aircraft, 
o  The  design  model  and  associated  parts  list  data  must  be  directly 
translated  into  manufacturing  process  plans  with  minimal  human 
intervention. 

3 . 3 ■ 2 . 3  Prioritized  Heeds 

The  needs,  as  described  throughout  this  paragraph  (3.3.2),  are  a 
synthes ization  of  the  needs  of  Vought,  Northrop  and  General  Dynamics. 

However,  the  prioritization  of  "needs"  at  any  stage  of  a  research  and 
development  program  is  extremely  risky.  To  estimate  potential  benefits 
presumes  that  current  real  needs  have  been  identified  and  conceptual  solutions 
can  be  scheduled  developed  and  implemented.  It  also  presumes  these  solutions 
are  correct  and  cost-effective. 

There  are  two  methods  by  which  these  needs  could  be  prioritized.  The 
first  method  was  that  the  needs  could  be  measured  cordially,  that  is  the 
product  of  the  difference  between  two  measurements.  The  second  method  would 
be  to  measure  ordinally,  that  is  to  rank  the  needs  on  a  purely  subjective 
basis.  The  coalition  used  the  subjective  method  because  they  felt  that  it 
yielded  greater  credibility,  especially  considering  the  "global”  investigative 
approach  which  they  took  to  arrive  at  the  needs. 

These  prioritized  need3  and  their  rationale  can  be  found  in  Section  3.0  of 
the  Needs  Analysis  Document  (NAD),  NAD110S11000  published  30  April  1982. 
Appendix  A,  Appendix  B  and  Appendix  C  of  this  same  document  defines  the  Needs 
of  Northrop,  Vought  and  General  Dynamics,  respectively. 

3.3.3  Complete  Current  Practice  Understanding  (WBS  4.3.3) 

A  System  Environment  Document  (SED),  SED110511000 .  (refer  to  Volume  III) 
was  prepared  in  accordance  with  paragraph  4.3.3  of  the  Statement- of-Uork  and 
submitted  to  the  Air  Force  on  31  May  1982.  This  document  described  the 
activities  and  information  necessary  to  produce  composite  airframe  structures 
in  the  current  aerospace  environment. 
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The  activity  models  developed  by  the  coalition  were  based  on  factory- view 
models  used  by  Korthrop,  Vough*  ..nd  General  Dynamics.  They  reflect  a 
compositu  ,  -  izing  process  from  which  generic  activity  models  wore 

developed . 

Subsequent  to  developing  those  composite/generic  models,  the  coalition 
visited  the  composite  production  facilities  of  McDonnell  Douglas  and  Grumman. 
In  general,  Crumman’s  actual  production  operations  differed  slightly  from 
those  of  the  coal'tion’s.  Any  significant  differences  were  due  largely  to  the 
manner  in  which  the  physical  manufacturing  functions  were  performed  and  in  the 
naming  of  conventions  for  i nformat ional  entities. 

3 . 3 . 3 . 1  Facilities 


At  Vought  and  Generrl  Dynamics,  facilities  for  composite  structure 
production  arc  an  integral  part  of  the  total  manufacturing  plant.  At 
Northrop,  a  single  facility  encompassing  more  than  320,000  square  feet  is 
dedicated  to  composite  structure  manufacturing.  The  floor  layout  of  this 
Center  is  shown  in  Figure  3-12. 

3 . 3 . 3 . 2  Manuf ac taring  Process 

Composite  fabrication  is  characteristically  a  flow-type  manufacturing 
process  that  produces  a  relatively  small  number  of  end- items  to  support 
assembly  line  requirements.  At  Northrop,  for  the  F/A- 18A  aircraft,  nearly 
2,300  pounds  of  graphite  are  used  in  the  28  graphite  composite  subassemblies 
which  consist  of  approximately  60  composite  details. 

Vought’s  manufacturing  effort  is  primarily  dedicated  to  fiberglass/epoxy 
composites,  Kevlar  and  graphite  composites  in  doors,  elevators,  rudders, 
spars,  ribs,  etc.  on  the  Booing  74 7,  7 S 7  and  76  7  programs. 

The  facilities  at  General  Dynamics  can  produce  approximately  800  pounds  of 
composite  laminates  each  month.’  Eighty  percent  of  this  capacity  is  achieved 
through  automated  tape  laying  machines;  the  remaining  20  percent  is  produced 
by  hand.  Primary  constituents  of  these  composite  laminates  include  graphite 
and  fiberglass  fibers  for  the  horizontal  and  vertical  stabilizer  sVlns  of  the 
F-16. 

The  fabrication  of  composite  parts  can  be  categorized  into  three  basic 
types  of  end  products-detai Is ,  cocured  assemblies,  and  mechanically  fastened 
assemblies.  Composite  detail  manufacturing  differs  from  cocured  and 
mechanically  fastened  assembly  operations  in  that  the  end- item  resulting  from 
composite  detail  manufacturing  becomes  a  component  of  the  other  two 
processes.  The  major  difference  between  the  cocured  assembly  operation  and 
the  mechanically  fastened  operation  is  that  in  the  cocured  process,  hard  parts 
are  autoclaved  cured  to  form  a  bonded  subassembly.  In  the  mechanically 
fastened  process,  "bonding"  of  parts  is  accomplished  by  manually  fastening 
components. 
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3. 3. 3. 3  Materials 

•  .  Prepceg  material  includes  both  unidirectional  and  woven  material.  The 

material  could  be  tapes  measuring  as  little  as  3  inches  in  width  or  broadgoods 
measuring  up  to  60  inches.  Vought  and  General  Dynamics  primarily  use' tapes; 
Morthrop  uses  broadcloth. 

The  broadcloth  is  stored  at  0*F.  It  is  thawed  for  approximately  16  hours 
before  use.  It  is  cut  on  a  Gerber  table.  Hormally  five  layers  of  broadcloth 
are  laid  and  cut  simultaneously.  Besides  graphite,  fiberglass  and  adhesive 
broadgoods  are  also  cut  by  the  Gerber.  Two  computer-controlled  Gerber 
reciprocating  knife  cutters  are  used.  Sufficient  broadgoods  are  cut,  kitted 
and  stored  to  normally  ensure  the  availability  of  five  shipsets  at  all  times. 

The  layup  operations  for  detail  parts  and  cocured  assemblies  entail  the 
laying  of  the  broadplies,  ply-on- ply,  onto  the  bonding  tool  for  subsequent 
curing.  Tape  laying  machines  are  used  by  General  Dynamics  and  bought;  some 
tape  laying  is  also  done  manually. 

The  layup  is  debulked  every  five  plie3  to  compact  the  ply  layers  and  to 
eliminate  airpockets.  The  bagged  layup  is  checked  for  leaks  at  the 
autoclave.  Once  inside,  thermocouple  wires  are  attached  for  computer 
monitoring.  After  curing,  the  tools  are  removed  from  the  autoclave,  debagged, 
the  part  removed  and  the  tool  cleaned.  After  being  inspected,  the  part  is 
transported  to  the  final  assembly  line  stockroom. 

3. 3. 3. 4  Information  Model 

Two  aggregate  diagrams  representing  the  architecture  of  the  "AS  IS" 
information  model  developed  for  Task  C  are  presented  in  Figure  3-13  and  3-14, 
The  first  figure  describes  the  entity  and  relational  classes  primarily 
associated  with  preparing  and  issuing  work  authorization  packages.  The  second 
figure  describes  the  structure  of  information  relative  to  the  processes 
associated  with  composite  parts  fabrication.  Taken  together,  the  two  figures 
represent  the  total  entity  and  relational  classes  of  the  IDEF1  information 
model  of  Appendix  A  of  the  SED  dated  31  Hay  1982. 

3. 3. 3. 5  IDBF0  Activity  Model 

The  IDEF0  activity  model  represents  the  environment  of  aerospace 
.  composites  manufacturing.  It  focuses  on  the  recurring  production  of  parts. 

However,  it  does  not  attempt  to  describe  all  of  the  functions  and  information 
necessary  to  produce  composite  parts. 

« 

As  part  of  their  analysis,  the  coalition  reviewed  the  ICAM  Architecture  of 
Design  and  Manufacturing  (DES0  and  KFG0)  for  their  applicability  to 
composites  manufacturing.  It  was  determined  that  these  two  architectures 
adequately  reflected  the  functions  and  information  which  were  needed  to 
manufacture  composite  parts  in  the  aerospace  environment. 
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A  complete,  detailed  discussion  of  the  IDEF0  activity  model  with 
Illustrations  is  available  in  tho  Systems  Environment  Document  (SED1105110C0) , 

(refer  to  Volume  III,  Parte  3A  and  3D)  which  was  submitted  to  the  Air  Force  on 
31  May  1982. 

3.3.4  Task  C.  Formulate  Improvement  Concepts  (WBS  4.3.4) 

Using  the  dynamics  model  end  simulation  results  established  In  the  System 
Environment  Document  os  a  baseline,  live  eoaiition  identified  improvement 
opportunities  for  production  methods  now  in  practice.  This  analysis  led  to  a 
verification  of  the  needs  identified  in  the  Task  C,  Needs  Analysis  Document. 
Additional  needs  were  identified  during  this  study;  they  are  defined 
specifically  in  the  Systems  Hequi rement  Document  (3RD),  SRD110511000 , 
submitted  to  the  Air  Force  on  31  July  1982  (rofer  to  Volume  111,  part  5). 

These  improvement  concepts  were  largely  conceptual  in  nature;  nevertheless,  they 
were  used  to  guide  tho  efforts  of  the  program  into  areas  of  need  which 
potentially  offered  the  highest  return  on  investment.  Needs  which  evolved 
from  the  analysis  completed  in  the  Needs  Analysis  Document  were  validated  in 
the  System  Requirements  Document . 

Requirements,  as  well  as  any  associated  technological  voids,  were 
cost-estimated  and  ..eranked,  based  on  the  availahiiity  of  all  rosources,  the 
projected  cost  savings  and  the  subjective  interpi etation  of  all  data.  These 
concepts  are  examined  further  in  paragraph  3.3.6  cf  this  document. 

3.3.5  Define  Integrated  Composites  Center  Sy stem  Concepts  (WBS  4,3.5) 

Current  practices  in  composites  manufacturing  were  assessed  by  surveying 
the  composite  production  facilities  of  Northrop  Vaught,  General  Dynamics, 

Grumman,  McDonnell  Douglas  and  Fell  Helicopter. 

In  addition,  equipment  vendors  wero  contacted  and  literature  and 
specifications  were  reviewed  to  establish  which  needs  could  be  satisfied  by 
commercially  available  technologies  and  equipment.  Because  of  the  relative 
newness  of  high  strength  composites  in  airframe  manufacturing  and  tho 
comparatively  low  production  volume  and  rates  currently  experienced  in  the 
aircraft  industry  for  composite  parts,  it  was  discovered  that  large  technology 
voids  exist. 

One  area  of  particular  interest  to  the  coalition  in  their  state- o' -tho-art 
investigation  wa3  the  automated  laminating  cells  a':  Northrop,  Vought,  General 
Dynamics,  and  Grumman.  All  these  cells  were  developed  under  5*anTenh 
Production  Integration  contracts  from  the  AFWAL/MLTN  with  the  exception  of  the 
Vought  system  which  was  internally  funded. 

The  findings  of  the  state-of-the-art  investigation  were  submitted  to  the 
ICAM  PMO  for  review  and  comments  under  report  number  SAD110*>l0oD0, 
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State-of-the-Art  T’sk  C,  Integrated  Coi.  ,-soi.fes  Center  Requirements 

end  Design,  dated  May  iv«<;  to  Volume  III,  Par1,. 

3.3.6  Produce  "TO-BE"  Integrated  Composites  Center  Systems  immurements 
Document  (WBS  4.3.6) 

The  SRD  (refer  to  Volume  Ill,  Part  5)  document  describes  requirements 
which  must  be  fulfilled  by  tho  "TO  BE"  ICC  system.  Northrop,  Vought  and 
Ceneral  Dynamics  each  individually  analyzed  the  requirements  needed  to  improve 
their  specific  composite  production  systems  and  defined  the  requirements  and 
technologies  needed  to  elevate-  composites  manufacturing  into  the  1990 
time-frame.  Various  composite  manufacturing  operations  were  grouped  or 
clustered  to  visualize  how  they  would  interrelate  with  the  entire  fabrication 
or  subassembly  process.  While  this  method  might  not  be  applicable  to  ail 
manufacturing  firms,  it  did  servo  as  a  coalition  standard  in  the  transitioning 
process.  The  coalition  then  established  certain  ground  rules  on  which  to  base 
their  assumptions  of  composites  manufacturing  in  the  1990  time-frame  -  they 
are  as  follows: 

o  The  trend  to  automation  will  accelerate  in  all  phases  of  composite 
fabrication  and  subassembly 

o  The  elimination  of  autoclaves,  ovens  or  similar  heat/pressure  vessels 
is  highly  unlikely 

o  The  major  composite  material  will  be  graphite/epoxy  with  250*  and  350*P 
cure  profiles 

o  Nondestructive  Evaluation  will  not  disappear  nor  bo  greatly  reduced, 
especially  for  primary  structures 

o  The  demand  for  composites  will  continue  to  grow  at  an  anticipated  35% 
annual  rate* 

o  Sine*  the  aerc.'pace  community  is  committed  to  composites,  the  necessary 
resources  will  be  provided  to  develop  the  logical  primary  and  support 
systems . 

Using  these  groundrules  as  a  baseline,  the  following  paragraphs  describe 
the  specific  porf ormancc-  requirements  to  be  satisfied  by  the  ’’TO  BE"  system. 

3 . 3 . 6 . 1  Compos i t e  Laminating  Requirements 

Present  automated  laminating  techniques  are  for  parts  that  are  essentially 
flat  or  only  slightly  contoured.  The  next-generation  aircraft  will  require 
composite  materials  for  major  secondary  and  primary  structures  such  os  wings, 
fuselages  and  the  entire  empennage  structure.  This  will  require  more  advanced 
methods  of  laminating  capable  of  forming  complex  contours  and  of  dispensing 
both  narrow  and  wide  tapes. 
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Laminating  is  the  process  by  which  a  composite  detail  part  or  structural 
component  is  fabric a ted/ formed  by  placing  or  building-up  one  lamina  (a  single 
ply  or  fiber)  superimposed  on  another  until  the  required  density  is  achieved. 
Compos i to  laminating  requirements  include: 

o  The  capability  to  accommodate  various  composite  material  forms 
o  The  ability  to  employ  these  forms  to  fabricate  components  without  size 
constraints,  notwithstanding  design,  curing  and  nondestructive 
evaluation 

o  An  automated  storage  and  retrieval  mechanism  to  be  used  in  conjunction 
with  a  full-up,  real-time  inventory  management  system  for  both  raw 
materials  and  wot V- in- process . 

o  Automatic,  computer  driven  cutting  of  composite  materials  that  consists 
of  one  or  all  of  tb->  following  methods: 

Laser 

Waterjet 

Cerber  reciprocating  knife 
Steel  rule  dies 

o  Sophisticated  nesting,  ident i f icat ion/ labeling  and  kitting  systems  to 
maximize  efficiency  and  cost- of f ec t iveness  of  these  automated  cutting 
techniques 

o  Low  cost,  automated,  in-process  inspection  procedures,  such  as  on-line 
video  inspection  based  on  soma  type  of  accept-reject  criteria. 

3 . 3 . 6 . 2  Filament  Winding 

Filament  winding  is  a  laminating  technique  now  being  given  considerable 
study.  Its  must  cortmon  applications  at  present  are  in  conical/cylindrical 
configuration:;  and  for  rotor  blades  and  driveshafts  of  roto-wlng  aircraft. 

The  following  requirements  are  needed  to  enhance  present  filament  winding 
capability. 

O  Provide  complex  shape  capability  in  mandrel  design  and  fabrication 

o  Solidify  machine  motion  technology  (hydraulic  versus  electronics) 

o  Increase  microprocessor  capabilities  to  handle  a  myriad  of  winding 
motions 

o  Control  with  diagnostic  capabilities 
o  Remote  location  programming 
o  Acceleration  of  hybridization  of  composites 
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o  Design  of  parts  that  can  be  filsatent  wound. 

3. 3.6. 3  Pultruslon 

Pultruslon  Is  a  quasi- laminating,  procedure  which  is  the  composite 
equivalent  of  the  metallic  extrusion  process.  This  process  is  presently  best 
suited  for  producing  low-cost,  constant,  cross-section  structural  shapes.  To 
expand  the  role  of  pultruslon  in  manufacturing,  the  following  requirements 
must  be  fulfilled: 

o  Standardization  of  structural  shapes  and  stiffening  elements 

o  The  capability  to  "pull”  and  cure  concave/convex  shapes  with  and 
flthout  constant  cross-sections 

o  The  acceptance  of  random  fiber  location  within  the  cured  component. 

3. 3. 6. 4  Braiding 

Braiding  is  a  laminating  technique  which  had  its  foundation  in  the  textile 
industry.  Tho  requirements  to  enhance  this  process  are: 

o  Better  materials  in  terms  of  consistent  braid  patterns  and  control  of 
fibers  to  prohibit  twisting 

o  Hon- tacking  prepreg  tows 

o  Wet  rr »ln/fiber  braiding. 

3 . 3 . 6 . 5  Cent  -IfuKal  Casting 

Centrlfug  il  Casting  is  used  to  fabricate  cylindrical  shapes.  These  are 
molding  techniques  that  could  lend  themselves  to  the  production  of 
aerospace-quality  components,  depending  on  the  structural  Integrity  which  must 
be  maintained  and  include: 

o  Inject  ion  molding 


o  Compr*  is  Lon  molding 
o  Res  In  •  ransfer  molding. 


3. 3. 6. 6  Requirements 


Bagging  i;  required  when  the  cure  of  t'ne  laminate  takes  pin  ,  an 
autoclave  or  >ven.  The  entire  bagging  process  is  extremely  la:  intensive, 

especially  wh  n  disposable  bags  are  used.  The  requirements  for  begging  during 
autoclave  operations  in  the  "TO  BE”  Integrated  Composites  Center  include: 
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o  Elimination  of  disposable  bugs 

o  Develoj  ment  of  low-eost,  reusable  bags  that  are  Impervious  to  matrix 
volatiles 

o  Elimination  or  reduction  of  inspection  "buy-offs" 
o  Design  >f  precut  consunwwbles 
o  Automation  of  entire  bagging  operation 

o  Development  of  cpecia 1 izeJ  bagging  procedures  to  achieve  consistency 

3 . 3 . 6 . 7  Requirements  for  the  Dos ign/Hanuf ac turt ng/Quallt v  Assurance  Interface 

Design  analysis  must  be  made  early  enough  in  tho  product  life  cycle  to 
ensure  that  new  programs  take  full  advantage  of  existing  production  programs 
and  various  research  tnd  development  efforts  which  have  been  undertaken 
between  production  programs.  This  requirement  could  be  satisfied  by  automated 
data  collection  techniques  and  reporting  methods  and  a  means  of  effectively 
accessing  and  retrieving  this  information.  Specific  system  requirements  would 
Inc lude: 

o  An  increase  in  the  use  of  computer-aided  design  (CAD)  and 
computer-aided  manufacturing  (CAM) 

o  The  integration  of  CAD/CAM  and  computer-aided  testing  and  inspection 

o  Use  of  computer  graphics  to  design  aircraft,  provide  3-D  modeling, 
on-screen  testing  and  video  flight  simulation 

o  The  development  of  a  common  data  pool  directly  accessible  to  structural 
analysts,  design  engineers,  NC  programmers,  inspection  and  cost  analysts 

o  The  use  of  solid  modeling  to  identify  such  variables  as  volume  and 
center  of  gravi ty 

o  The  standardization  and  computerization  of  process  planning  with 
built-in  quality  control  manufacturing  engineering  data  check 

o  Hardware/software  compatibility  with  defined  procedures 

o  Group  technology  support  system  structure 

o  Integrated  communications  flow  between  design,  manufacturing  and 
quality. 
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3. 3. 6. 8  System  Requirements  for  Coirocsite  Curing 

To  affect  the  transition  from  the  "AS  IS"  to  tho  "TO  BE"  condition,  the 
following  requirements  for  both  the  autoclave  and  non-autoclave  curo9  must  be 
me  t . 

o  Implement  a  cost-effective,  computerized  method  to  monitor  and  control 
the  curing  process  with  the  ability  to  identify  in-process  anomalies 
and  a  feedback  loop  for  corrective  action 

o  Reduce  the  number  of  cure  profiles  by  50» 

o  Gang- load  discrete  curing  fixtures  on  a  "master"  fixture  in  the 
autocla/e  staging  area 

o  Recycle  the  heat  and  preesure  that  is  vented  off  upon  completion  of  the 
cure  to  reduce  recurring  costs  of  autoclave  operation 

o  Develop  a  queuing  system  for  autoclave  staging  and  loading 

o  Increase  use  and  acceptance  of  cocuring 

o  Develop  a  method  for  lamina/resin  material  characterization  coupled 
with  time/pressurc/temperature  sensing  during  curing. 

Other  curing  techniques  will  require: 

o  Bor  thermal  expansion  molding,  tighter  control  of  the  pressure  between 
the  rubber  mandrels,  more  accurate  calculation  of  thermal  expansion, 
and  tighter  control  of  temperature  profile  t 

o  for  matched  metal  dies,  more  cost-effective  dies  with  faster  heat-up 
and  cool-down  capabilities 

o  For  pultrusion.  since  the  requirement  is  for  dies  configured  to  produce 
pultrusions  of  varying  cross-sections,  a  "staged"  curing  system  may  be 
needed 

°  for  oven  curing,  the  requirements  are  the  same  as  for  the  autoclave. 

3 .3. 6. 9  Requirements  for  Composite  Materials 

To  reduce  the  risks  associated  with  introducing  new  composite  materials 
inti  ongoing  production  programs,  the  requirements  are: 

o  Future  organic  matrix  resins  that  are  easier  to  process 

o  Tougher  Matrix  material  with  greater  resistance  to  impact 
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o  More  environmental  Gtablillty,  i.e.,  low  moisture  absorption 

o  Moisture  resistant  (300*  to  350*  curing)  tough  resin  for  subsonic 
military  transports 

o  Greater  thermal  stability  for  the  350*F  cure  system  for  fighter  aircraft 
o  Tighter  control  of  material  tack 

o  Longer  or  unlimited  out-time;  no  refrigeration  required 
o  Increased  testing  and  characterization  of  thermoplastics 
o  Low  fiber  and  resin  matrix  costs 
o  Higher  temperature  rosin  system 

o  Continued  development  of  hybrid  composites  and  self-adhesive  material 
system 

o  Continued  investigation  into  radar- absorbing  materials 

o  Tighter  control  of  resin/fiber  content  by  vendor 

o  Development  of  an  experimentally  generated  data  base  on  composite 
material  maintainability  and  field  repair 

O  Continued  work  on  whicker  composites 

o  Investigations  Into  resins  with  thermal  stability  In  the  350*  to  500*F 
range  with  high  strain  to- failure  ratios 

o  In-house  composite  prepreg  manufacturing  facilities. 

3.  >.6.10  Requirements  for  Composite  Tooling 

System  requirements  for  tooling  of  composite  materials,  predicated  on  the 
autoclave  as  the  curing  medium,  include: 

o  Development  of  new  materials  or  the  improvement  of  existing  materials 
that  will  produce  tools  that  are  durable,  (minimum  of  500  cure  cycles) 
dimensionally  stable,  leak-proof  and  inexpensive 

o  Tools  able  to  accommodate  reusable  bags  with  instrumentation  to 
identify  in-process  curing  anomalies 

o  Tools  with  a  surface  finish  that  would  require  minimum  time  in  the  tool 
preparation  station  and  allow  for  easy  removal  of  the  cured  component 
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o  Tools  which  can  be  easily  repaired  and  maintained 

o  Tools  derived  from  mathematical  models  used  in  conjunction  with  CAD/CAM 
to  produce  exact  replicates 

o  Jackins  studs  used  In  the  tool  substructure  to  provide  adjustable 
contour:!  in  the  curing  fixture 

o  Tool*  with  locating  devices  to  ensure  the  correct  location  of  the 
laminate  and  to  prevent  laminate  movement. 

Table  3-3  illustrates  several  tooling  material  comparisons. 

3.3.6.11  System  Requirements  for  Quality  Assurance  and  Control 

The  system  requirements  for  quality  assuranco/auality  control  in  the 
"TO  BE"  environment  are: 

o  Gradual  elimination  of  human  interpretation  of  the  various  NDT 
•value' Ion  techniques 

o  Elimination  of  in-process  quality  inspection  in  layup  by  establishing 
repeat  ibility  and  standardization  through  automation 

o  On-lino/real-time  video  inspection  techniques 

o  Use  of  non- film  radiography 

o  Digit*  computer  enhancements  of  radiographs  and  fluoroscopic  techniques 
o  Proced  ire*  to  inspect  the  wing/fuselage  interface 

o  Ability  to  inspect  ar.d  prove  the  acceptability  of  parts  prior  to  cure 

o  The  us-'  of  3-D,  photogrammetrie  or  other  orthographic  video  inspection 
techniques  to  match  the  completed  component  with  a  computergraphic 
representation  of  the  engineering  design 

o  Emphasis  on  video  inspection  techniques 

o  Development  of  Mil-Standards  for  composite  materials. 

3.3.6.12  Syttt pta  Beau  i rc-ments  for  Htrean  Factors 

The  system  requirements  for  Human  Factors  in  the  "TO  BE"  Integrated 
Composite  Center  are: 

o  Adequate  professional  developiaent  for  both  managers  and  non-managers 
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Table  34  Tooling  Material  Comparisons 


Material 

Advantages 

Disadvantages 

Cast 

Ceramic 

o  Very  stable 

o  Can  be  used  for  self- 
heating  tools 

o  Incompatible  thermal 
expansion 

o  Model  and  splash  required 
o  Chips  easily 
o  Slow  heat-up  rate,  unless 
seif-heated 

o  Difficult  to  drill  after 
being  cast 

Silicone 

o  Limited  shape  restrictions 

o  Pressure  hard  to  control 

Rubber 

o  Transmits  pressure  readily 
o  Cheap  for  duplicate  tooling 

o  Loses  dimensioned  stability 
with  repeated  use 
o  Model  needed /design 
critical 

o  Not  for  skins 

Steel 

o  Dimensionally  stable  with 
temperature  excursion 
o  Compatible  coefficent  of 
thermal  expansion 
o  Mold  surface  obtained 
directly  from  NC 
program 

o  Provides  hard  surface, 
damage  tolerant 
o  Can  be  brake  formed 

o  High  tool  weight 
o  Slow  machining 
o  Slow  heatup  rate 

i 

I 

j 

Iron  or 

Nickel 

(Electroform) 

o  Compatible  thermal 
expansion 

o  Good  heat-up  rate 
o  Dimensionally  stable 
o  Hard  jig  pick-up  points 

o  Expensive  j 

o  Build  plaster  model  to  i 

obtain  contour 

o  Lack  of  plating  capacity  | 

of  the  tool  manufactures 

High-Temp 

Gr/Epoxy 

o  Good  heat-up  rate 
o  Rapid  tool  fabrication 

o  Tool  degrades  at  350°  cure 
cycles 

o  Dimensional  stable  for 
cures  up  to  250° 
o  Tooling  hard  points 
provided 

o  Compatible  thermal 
expansion 

o  Durability  problem 
o  Requires  plaster  model 
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o  Increased  participation  in  the  decision-making  process 

o  Positive  reinforcement  prosrares  to  overcota*  refliotsnco  to  chans* 

o  Increased  commitment  to  timely  dissemination  of  information 

o  Incorporating  key  principlos  of  quality  circles,  quality  of  work  life 
and  participative  ranagement  into  the  factory 

o  Development  of  an  attitude  change  by  management  acknowledging  that 
today's  workforce  is  more  sophisticated  and  better  educated  than 
previous  generations 

o  Development  of  reward  systems  placing  emphasis  on  long-range  strategic 
planning 

o  An  all-encompassing  program  to  develop  the  computer  literacy  of  both 
managers  and  non-managers 

o  Training  in  new  composite  systems  via  the  computer  or  other 
state-of-the-art  equipment. 


3.3.6.13  Requirements  for  Trimming  and  Drilling  of  Composites 

The  system  requirements  for  the  trim  and  drill  module  in  the  **T0  BE" 
Integrated  Composites  Center  are:: 

O  To  train  composite  structures  designers  to  employ  the  unique 

aero-elastic  properties  of  composite  materials  ana  actually  design  to 
reduce  the  number  of  detail  parts 

o  To  reduce  the  number  of  fasteners  by  developing  confidence  in  bonded 
joints 

o  To  introduce  automation  into  the  drilling  and  trimming  operations 

o  To  fabricate  laminates  to  their  "net"  configuration 

O  To  Implement  cutting  tool  and  coolant  technology  to  avoid  short  tool 
life,  delaminations  and  heat  build-up 

O  To  automate  in-process  inspection  procedures 

O  To  develop  low-cost  trio  and  drill  fixtures 

o  To  Implement  advanced  optical  control  of  waterjet  cutting  systems. 
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3.3.6.14  System  Requirements  for  >! aterial  Handling/Kitting 


The  future  requirement  for  material  handling/Vitting  is  for  • 
computer  controlled,  integrated  handling  system  that  provides  for  the 
tracking,  storage  and  transfer  of  the  composite  material  and  related 
consumables  as  well  as  for  the  layup  tools/bonding  fixtures  used  in  the 
fabrication  process.  This  would  encompass: 


o  A  low-cost,  effective  autoclave/oven  loading  and  unloading  system 


O  An  automated  storage  and  retrieval  system  to  move  prepreg  material, 
kitted  cr  not,  in  ami  out  of  the  freezer 

o  A  means  for  quickly  moving  kitted  material  to  the  layup  area 

o  Automated  techniques  to  move  and  control  the  layup/bonding  fixtures 
within  the  production  center 

O  A  cost-effective  technique  to  move  large  plies  or  parts  either  into,  or 
out  of,  the  layup  fixture 


o  Material  handling  systems  to  provide  for  a  "hands  off"  approach  to  HOE 
using  x-ray  and  C-  scan  techniques 


o  Integration  of  the  material  handling  system  with  the  shop  floor  control 
system  to  maintain  and  control  work- in-process  inventory. 


3.3.6.15  Requirements  for  a  Manufacturing  Planning  and  Control  System 


The  following  requirements  must  be  implemented  in  the  "TO  BE" 
Manufacturing  Planning  and  Control  System: 

o  A  system  to  keep  production  cycles  at  optimum,  i.e.,  maximize  use  of 
scarce  resources 

o  Provision  for  a  reduction  in  lead  times 

o  Furnishing  correct  composite  work  instructions  packages  via  sequential 
3-D  models  in  CRTs 

o  Greater  flexibility  in  information  gathering,  digesting,  and 

dissemination  to  reduce  the  amount  of  paper  generated  in  composite 
production 

o  Provide  real  time  Status  of  planning  versus  actuals  with  inventory 

control  (both  raw  material  and  work- in  process)  to  maintain  production 
schedules  am!  reduce  inventory  costs 
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o  Standardized  production  plana  that  correctly  reflect  shop  floor 

'  ..  .  fabrication  procedures  ...  . 

o  Establish  a  data  management  structure 

o  Real-time  status  reporting  on  composite  facility  capability,  machine 
status,  load  status  for  support  products  and  non  conforrance  trends. 

3.3.6.16  Requirement 9  for  a  Composites  Shop  floor  Control  System 

The  composites  center  must  be  organized  in  a  hierarchical  manner  by 
standardizing  detail  designs  and  developing  computer  aids  for  manufacturing 
planning  and  related  systems.  The  typical  levels  of  hierarchy  arc: 

o  Center 

o  Cell 

o  Station 

o  Process 

o  Operation. 

This  hierarchy  must  stress  flexibility  to  allow  the  shop  floor  control 
system  to  function  properly  and.  to  evolve  toward  the  automated  systems  and 
equipment  being  introduced. 

3.3.6.17  Inventory  Management 

The  Inventory  management  component  of  the  ICC  will  have  to  effectively 
interface  with  purchasing  and  finance  for  information  storage,  transfer  and 
retrieval.  It  must  maintain  inventory  levels  consistent  with  production 
requirements  and  must  monitor  and  maintain  the  storage  location  of  the 
material.  The  invoiced  cost  of  materials  must  be  tracked,  requisitions  issued 
and  spoilage  information  recorded  and  reported. 

3.3.6.18  Requirements  Generation  and  Order  Writing 

In  the  ICC,  order  writing  and  requirements  generation  are  needed  to  plan 
the  sequence  of  production  orders  from  start  to  completion.  Cress 
requirements  are  planned  from  three  months  to  a  year  in  advance  of  actual 
release  of  orders  to  the  composites  center.  Met  requirements  are  the  gross 
requirements  after  being  adjusted  for  scrapped  or  lost  parts  or  last  minute 
needs.  This  activity  must  be  able  to  calculate  what  parts  art  needed,  when 
they  arc  needed,  h'.w  many  arc  needed  and  what  account  they  sh-  uld  Va  charged 
to. 
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3.3.6.19  Work-In-Process  Control 

The  work-in-process  control  will  influence  the  flow  of  production  orders 
through  the  various  work  stations  to  ensure  that  schedules  are  met.  This 
function  will  also  control  the  allocation  of  resources  to  ensure  that  they  are 
expended  efficiently.  The  work-in  process  control  must  meet  the  following 
requirements : 

o  The  work  must  be  controlled  at  each  level  of  the  hierarchy 

o  Production  orders  and  rework  orders  must  be  scheduled  and  controlled 
based  on  priority,  need  date  and  resource  use 

o  The  workload  must  be  effectively  planned  at  each  node  of  the  hierarchy 
to  optimize  performance 

o  Resources  must  be  r.vailable  at  each  production  step 

o  Information  must  be  avai lable  to  determine  the  schedule  and  completion 
status  of  each  production  order 

o  The  system  must  manage  and  control  the  allocation  of  a  1  ICC  resources 

o  The  system  must  requisition  raw  materials,  move  orders  'o  the  material 
handling  system  and  maintain  an  inventory  of  all  production  items. 

3.3.6.20  Personnel  Management 

The  ICC  shop  floor  control  system  must  maintain  the  following  personnel 
parameters: 

o  Available  manpower 

o  Proficiency  skill  levels 

o  Training  requirements 

o  Quality  performance 

o  Job  classifications. 

3.3.6.21  Tool  ManaKement 

The  ICC  shop  floor  control  system  must  monitor  and  maintain  the  following 
information  on  contract  tools: 

o  Current  location  and  job  number 
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o  Rework  status  (estimated  completion  date) 
o  Engineering  change  level  incorporated  in  tool 
o  Tool  capabilities 
o  Physical  characteristics 

o  Autoclave  history  (number  of  cure  cycles  undergone  estimated  remaining 
cure  cycles) 

o  Cure  profile  class  (for  gang  loading) 
o  Quality  history 

o  Number  and  serial  of  duplicate  tools  or  potential  substitute  tools. 

3.3.6.22  Facilities  Management 

The  ICC  shop  floor  control  system  will  have  to  monitor  and  control  the 
maintenance  of  the  physical  plant,  services  and  equipment.  Unplanned  and 
unscheduled  outages  of  vital  facilities  and  equipment  must  be  minimized.  When 
they  occur,  Facilities  Management  must  provide  contingency  plans  so  as  not  to 
interrupt  the  workflow. 

3.3.6.23  Quality  Assurance  Management 

To  reduce  the  cost  and  time  requirements  of  quality  functl  >ns  without 
reducing  credibility,  the  QA  inspection  functions  must  be  integrated  with  the 
overall  ICC  production  process.  The  system  must  monitor  and  control  the 
allocation  of  resources,  workmanship,  conformance  to  design  and  the  assignment 
of  work  to  the  Quality  Control  inspection  stations  and  the  Materials  Review 
Board. 


3.3.6.24  Queue  Management 

Queues  will  be  necessary  in  the  FoF  to  maintain  a  smooth  work  flow  and 
minimize  unplanned  shortages  or  outages.  Queues  are  desirable  to  take 
advantage  of  specific  high  cost  resources  such  as  autoclaves  and  high  volume 
resources  such  as  automated  ply  cutting.  The  major  requirement  of  the  Queue 
Management  system  is  to  balance  schedule  requirements.  The  following  queues 
will  be  managed  within  the  ICC: 

o  Shop  load  queue 

o  Kitted  ply  queue 


o  Kitted  part  queue 
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o  Work- in-process  queue 
o  Autoclave  queue 
o  Tool  maintenance  queue 
o  Inspection  queue 
o  Materials  handling  queue. 

3.3.6.25  Information  Management 

Data  handling  and  information  processing  are  integral  parts  of  all 
functions  within  the  ICC.  The  following  are  specific  requirements  which  must 
be  satisfied: 

o  Data  that  is  easy  to  store  and  retrieve  through  automated  methods 
o  Access  to  information  on  a  need  to- know  basis 

o  Data  that  is  related  in  meaningful  ways  to  avoid  the  necessity  for 
interpretations  and  assumptions 

o  Data  that  is  accurate  and  timely 

o  Checks  to  preclude  unauthorized  access  and  to  update  information 

o  A  response  time  for  data  entry  and  information  within  acceptable 
tolerances 

3.3.6.26  Contingency  Management 

A  major  element  in  the  effective  control  of  the  ICC  is  the  ability  to  plan 
the  workload  and  ensure  that  the  plan  is  carried  out.  The  following 
requirements  exist  for  contingency  planning  and  crisis  management: 

o  Shop  load  forecasting  with  a  variable  time  horizon,  with  a  variable 
workload,  and  with  variable  resource  levels 

o  Resource  requirements  forecasting 

o  Risk  projections 

o  Estimated  completion  dates 

o  Determination  of  slack  or  overloaded  resources 

o  Critical  path  determination  using  actual  or  simulated  vorkloads. 
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3.3.6.27  Integration  Management 

Perhaps  the  largest  contribution  the  shop  floor  control  system  can  make  to 
the  ICC  is  integrating  the  various  subsystems  into  a  unified  system  to  meet 
schedule  and  cost  targets.  The  requirement  must  be  satisfied  to  establish  a 
common  data  base  structure  that  integrates  and  shares  all  common  information, 
including  integration  with  the  management  information  data  base.  Also,  all 
production  and  support  system  information  must  be  channeled  into  this  common 
data  base. 


3.3.6.28  System  Requirements  for  Integral  Structures 

Adopting  integral  structure  composite  technology  in  the  aerospace 
environment  would  provide  substantial  cost  and  weight  savings  in  future 
aircraft.  The  requirements  for  accelerating  this  technology  into  a  production 
mode  are: 

o  A  sophisticated,  cost-effective  technology  to  layup  integral  structures 
o  Characi  erization  of  mandrel  technology  to  enhance  ease  of  removal 
o  Procedures  and  tools  to  NDE  the  completed  cure  structure 
o  Promoti  curing  mediums  other  than  autoclave 

o  Develop  in-the-field  repair  and  inspection  procedures  that  are  reliable 
and  repeatable 

o  Reduce  risks  involved  in  fabrication,  bagging  and  cocure  of  the 
stiffeners  and  skins  where  faulty  layup  techniques  are  involved 

o  Develop  material  handling  systems  to  move  large  structures 

o  Re-evaluate  final  assembly  procedures  to  provide  for  the  acceptance  of 
large  structures  thus  replacing  many  individual  components. 

3.3.6.29  System  Requirements  of  Automated  Design  Tools 
System  requirements  for  automated  design  tools  would  be: 
o  Enhancements  in  computer-aided  design 

o  On-screen  testing 

o  Models  for  predicting  fatigue  and  damage  growth  behavior  in  the 
computer  software 

o  Increas'd  programming  and  a  power  base  to  simulate  flight  on  the  CRT 
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o  Use  of  computer  graphics  to  move  away  from  wire-mesh  in.jges  into  more 
realistic  representations  of  solid  objects 

o  Establishment  of  an  industry-wide  structural  composite  data  pool 
available  to  design,  engineering  and  cost. 

3.3.6.30  Estimated  Cost  and  Benefits 


Projections  of  the  estimated  cost  and  benefits  of  a  fully  developed 
Integrated  Composites  Center  are  discussed  in  paragraphs  3.2  and  3.3  of  the 
Systems  Requirement  Document  which  was  submitted  to  the  Air  Force  on  31  July 
1982.  These  estimated  costs  imply  that  all  system  requirements  have  been 
identified  and  correctly  defined.  However,  as  in  all  research  work,  the  data 
is  always  suspect  and  subject  to  continual  scrutinizing  and  interpretations. 

It  should  be  noted  that  while  a  firm  at  the  beginning  of  its  composite 
programming  may  be  able  to  achieve  considerable  savings,  another  company,  well 
into  its  program,  would  probably  realize  lesser  savings. 

3.3.6.31  Requirements  Prioritization 

There  are  two  basic  techniques  used  to  prioritize  or  rank  the  requirements 
discussed  in  this  report.  The  first  method  assumes  that  the  requirements  can 
be  measured  caminally,  or  that  measurements  can  be  made  which  are  numerically 
significant.  The  second  approach  is  that  they  can  be  ranked  ordinaily.  This 
latter  approach  means  only  that  the  requirements  can  be  ranked  based  purely  on 
a  subjective  determination  on  satisfying  a  single  requirement.  For  this 
report,  the  system  requirements  were  ranked  using  a  combination  of  both 
approaches.  The  systems  were  ranked  sequentially  as  follows: 

o  Composite  Shop  Floor  Control  System 

o  Advancements  in  Quality  Control  of  Composites 

o  Composites:  Manufacturing  Planning  and  Control 

o  Composite  Materials 

o  Tooling  for  Complete  Material  Fabrication 
o  Integrally  Stiffened  Composite  Structures 
o  Composite  Bagging  Advancements 
o  Composite  Laminating 

o  Enhancements  in  the  Design/Manufacturing  Interface 
o  Design  "Tools"  for  Composites 
o  Human  Factors. 
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3.3.6.32  Appendices 

Appendices  A,  B  and  C  of  the  Systems  Requirement  Document  of  31  July  1982 
describes  in  depth  the  advancement  in  the  control  and  production  of  composite 
parts  by  Northrop,  Vought  and  General  Dynamics.  Each  of  these  Appendices 
provides  views  of  the  System  Requirements  as  seen  by  each  coalition  member. 

3.3.7  Preliminary  Design  Subplan  (WBS  4.3.7) 

Task  E  of  the  Integrated  Composites  Center,  Preliminary  Design,  outlines 
three  major  areas  of  focus  which  were  incorporated  into  the  System  Specifica¬ 
tion  which  was  submitted  to  the  Air  Force  for  approval  on  30  November  1982. 

The  Preliminary  Design  Subplan  also  updated  the  Master  Plan  and  Schedule  for 
each  milestone  phase,  task,  and  event. 

The  first  area  of  focus  of  the  Preliminary  Design  Subplan  addressed 
general  information  including  approved  identification,  nomenclature,  author¬ 
ized  abbreviations  and  purpose  of  the  System  Specification.  A  summary  of  the 
existing  system  describing  its  purpose  and  function  was  also  provided.  This 
data  supported  and  enhanced  the  System  Specification. 

The  second  area  of  focus  provided  a  compilation  of  applicable  documents 
which  included  previously  developed  documentation  relating  to  this  project, 
relevant  documentation  covering  related  projects  and  standards  or 
specifications  required  to  understand,  support  and  augment  the  System 
Specification.  Terms  and  abbreviations  indigenous  to  the  System  Specification 
were  listed  and  defined. 

The  third  area  was  the  crux  of  the  System  Specification.  It  provided  a 
narrative  and  technical  delineation  of  the  system  specifications  required  to 
accomplish  the  transition  from  the  "AS  IS"  to  the  "TO  BE"  (generation  +1)  for 
composite  manufacturing. 

3.3.8  Task  E.  Produce  Preliminary  Design  (WBS  4.3.8) 

Based  upon  the  requirements  developed  during  the  Base  Program  and 
documented  in  the  SRD,  Task  E  the  Preliminary  Design  (Phase  III,  Option  2)  of 
an  ICC  was  awarded.  Figure  S-l.h  provides  an  outline  of  UBS  items  used  to 
accomplish  this  task.  This  design  included  shop  floor  subsystems,  planning 
and  control  subsystems  and  a  Management  Information  System.  The  subsystem 
modules  developed  as  part  of  the  IPS,  HCMM  AND  IDSS  projects  were  included  in 
the  ICC  design  as  well  as  the  QA/QC  results  of  Task  D. 

Three  site-specific  Preliminary  Designs  were  developed  by  Northrop,  Vought 
and  General  Dynamics.  These  designs  were  oriented  toward  fighter  and 
bomber/ transport  aircraft.  Also,  a  Preliminary  Design  of  a  generic  ICC  was 
developed  by  the  coalition.  This  generic  ICC,  as  developed,  would  be  able  to 
produce  components  for  both  fighter  and  bomber/ transport  aircraft. 
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Figure  3-15  Task  E  Objectives  by  WBS 

Technology  transfer  and  portability  were  key  design  considerations.  Each 
of  the  four  preliminary  designs  included  system  tost  plans  and  an  estimate  of 
the  size  of  parts,  part  types  and  production  rates  which  could  be  expected  to 
be  produced  by  these  "TO  BE"  centers. 

3 . 3 . 8 . 1  Refine  and  D« -tail  Requirements  (UBS  4.3.8.11 

The  results  of  this  task  were  described  in  the  System  Specification 
Document  (SS  110511000)  on  30  November  1982  (refer  to  Volume  III,  Part  6). 

Its  purpose  was:  to  detail  the  system  requirements  to  the  maximum  extent 
possible;  to  assure  the  reliability  and  validity  of  the  requirements;  and  to 
promote  understanding  between  the  user  and  the  contractor  before  initiating 
system  design.  This  system  specification  provided  for  the  manufacture  of 
aerospace  composite  detail  parts  and  subassemblies. 
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3. 3. 8. 1.1  Overview  of  Generic  System  Specifications  -  The  following  is  a 
broad  overview  of  the  major  characteristics  of  the  "To  Be"  Integrated 
Composites  Center  (ICC).  The  ICC  must  schedule  and  control  the  fabrication 
and  subassembly  of  structurally  acceptable  composite  components  for  both 
fighter-type  and  transport-type  aircraft.  For  fighter-type  aircraft,  this 
means  achieving  an  estimated  production  rate  of  14  to  20  aircraft  per  month, 
with  between  1,500  and  3,000  pounds  of  flyaway  composite  material  on  each 
aircraft.  This  translates  into  10  to  50  percent  of  the  airframe  weight,  which 
is  sufficient  to  meet  existing  requirements  and  future  projections.  For 
transport-type  aircraft,  the  production  rate  is  estimated  at  between  3  and  5 
aircraft  per  month  with  5,000  to  15,000  pounds  of  composite  material  for  each 
structural  airframe. 

However,  the  ICC  may  have  to  process  an  additional  20%  of  material  to 
compensate  for  scheduled  and  unscheduled  over  allocation  of  material  that 
occurs  during  the  various  stages  of  the  fabrication  and  subassembly  process. 
The  size  of  structures  that  the  ICC  must  accommodate  will  range  from  doors  and 
panels  for  fighters  to  wing  and  empennage  components  for  transport- type 
aircraft.  They  may  be  large  flat  laminates  or  small  subassemblies  with 
convoluting  lines  and  surfaces. 

The  ICC  must  have  the  ability  to  laminate  these  structures  using 
technologies  that  employ  both  broadgoods  and  tape-laying  manufacturing 
approaches.  The  laminating  cell  will  employ  automated  material-cutting 
techniques,  as  well  as  f ilament-winding  capabilities,  some  pultruding  of 
constant  cross-section  shapes,  and  limited  injection-molding  capabilities  for 
nonstructural  clips  and  brackets.  There  will  be  a  flat  laminating  module  for 
actual  layup  or  preplying  for  subsequent  forming  and  ply  deposition  techniques 
using  both  robotics  and  composite  technicians.  Modules  for  filament  winding, 
pultrusion  and  injection  molding  will  be  present  in  the  laminating  cell. 

All  primary  structures  will  be  bagged  and  cured  in  an  autoclave. 

Secondary  structures  may  be  vacuum  bagged  and  cured  in  an  oven  or  autoclave. 
Specialized  curing  vessels  such  as  presses  or  mated  dies  will  also  be 
available. 

A  cell  will  be  available  for  the  trimming  and  drilling  operations 
employing  the  latest  equipment  such  as  robots,  waterjet  cutters  and  cutting 
tool  technology.  Trimming  and  drilling  is  one  of  the  more  physically 
demanding,  hazardous,  and  repetitive  operations  associated  with  composite 
fabrication  and  subassembly.  Any  contribution  made  by  this  cell  in  reducing 
the  amount  of  human  interface  will  be  translated  into  less  stringent  OSHA 
requirements  and  improved  safety  performance.  With  proper  design  and 
manufacturing  interface,  the  dependence  on  the  cell  could  be  reduced  by  laying 
up  laminates  in  near  net  shapes  and  molding- in  holes. 

Permeating  all  of  these  physical  processes  will  be  checks  made  by  the 
quality  control  cell  to  ensure  that  the  structural  integrity  of  the  composite 
component  is  maintained.  This  would  include,  but  not  be  limited  to,  initial 
receiving  and  inspection  on-line,  in-process  inspection  techniques,  and 
state-of-the-art  nondestructive  evaluation  and  inspection  procedures  (C-scan, 
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nonfilm  radiography,  etc.).  All  would  be  computer  controlled  with  respect  to 
part  movement  and  testing  procedures.  Computer  interpretation  of  test  results 
would  establish  accept/reject  criteria.  Every  attempt  will  be  made  within  the 
Integrated  Composites  Center  to  minimize  the  impact  (and  thus  the  cost)  of 
quality  control  through  the  use  of  statistics  and  the  development  of 
production  processes  that  maintain  product  consistency. 

Within  the  ICC,  there  will  be  cells  specifically  dedicated:  to 
subassembly  (the  joining  of  composite  details  with  core,  stiffeners,  or 
metallic  details);  to  the  reworking  of  cured  laminates  or  subassemblies  that 
have  not  met  specifications;  and  to  tooling  preparation,  maintenance  and  minor 
repair.  Given  the  type  of  activities  indigenous  to  each  of  these  cells,  and 
operating  under  the  most  optimistic  of  scenarios,  it  is  still  likely  that 
these  cells  will  be  labor-intensive. 

Tools,  materials  and  composite  components  will  move  within  the  center  via 
the  automated  material-handling  system.  This  system,  as  well  as  the 
activities  or  physical  processes  that  occur  in  each  of  the  cells,  will  be 
directed  by  the  ICC  management  system.  The  system  will  cost-effectively 
manage  all  resources  required  to  manufacture  composite  components. 

3. 3. 8. 1.2  Northrop 's  Integrated  Composites  Center  -  At  this  stage  of 
development,  Northrop’s  "TO  BE"  Integrated  Composites  Center  is  a  logical 
construct  of  interrelated  subsystems.  It  will  be  a  largely  autonomous 
operation  within  the  overall  framework  of  Northrop* s  factory  environment.  Its 
operation  will  be  coordinated  to  optimize  the  overall  factory  production 
capability.  Many  factory  functions,  not  unique  to  composites  manufacturing, 
but  common  to  each  of  the  subassembly  and/or  fabrication  centers,  will  be 
relegated  to  factory  level  systems.  This  will  allow  the  ICC  to  specialize  in 
specific  production  requirements. 

Because  the  ICC  is  seen  as  a  "new"  subsystem  within  a  relatively  "old" 
factory  system,  it  is  probable  that  the  ICC  design  will  require  performance 
standards  that  existing  factory  level  systems  cannot  adequately  support.  In 
these  cases,  specific  performance  parameters  will  be  established. 

In  order  to  achieve  its  ICC  goals,  Northrop  has  chosen  to  include  the 
production  of  both  large  and  small  aircraft  components  within  its  ICC.  Its 
design  will  be  based  upon  both  the  F-18A  and  F-20  production  requirements  but 
will  also  include  production  of  a  large,  transport-type  aircraft  components 
within  its  requirements  envelope. 

Figure  3-16  shows  the  major  components  of  Northrop* s  Integrated  Composite 
Center.  For  a  complete  discussion  of  Northrop* s  future  plans  in  developing 
its  ICC,  refer  to  Appendix  A,  of  Task  C,  ICC  Requirements  and  Design  System 
Specification  Document  (SS110511000)  which  was  submitted  to  the  Air  Force  on 
30  November  1982. 
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3. 3. 8. 1.3  Vought's  Integrated  Composites  Center  Preliminary  Design  -  Based  on 
the  Systems  Requirement  Document,  Vought  designed  a  specialized  production 
system  and  physical  center  for  the  production  of  composite  parts  and 
subassemblies.  This  system  and  center  will  be  used  as  the  basis  for 
developing  Vought's  ICC. 

When  developing  the  strategy  for  the  factory  level  system  frrmework  and 
its  tie  with  the  center,  it  must  be  understood  that  most  functions  of 
manufacturing  will  not  change.  What  will  change  is  the  manner  in  which 
manufacturing  operations  are  planned  and  conducted,  and  possibly  the  sequence 
in  which  they  are  accomplished.  Some  ingredients  required  in  the  successful 
development  of  the  ICC  will  be:  Group  Technology,  Direct  Numerical  Control, 
Robots,  CAD/CAH  and  the  use  of  such  leading  edge  technologies  as  Generative 
Process  Planning  and  3-D  Solid  Geometric  Modeling. 

At  the  present  time,  Vought  is  committed  to  the  production  of  large 
aircraft  and  helicopter  composite  components  under  existing  contracts.  Tie 
systems  and  facilities  currently  in  place  will  be  used  as  a  basis  for 
developing  Vought’s  "TO  BE"  system.  These  facilities  such  as  the  Integrated 
Process  System  (Figure  3-17)  will  provide  the  basis  for  the  automated 
laminating  cell  and  the  three  autoclave  systems  presently  in  place  will  be 
used  as  the  thermal  cycling  cell.  The  central  factory  level  Manufacturing 
Control  System  will  provide  the  basis  for  the  Shop  Floor  Control  and  Planning 
Control  systems. 

Figure  3-18,  the  Integrated  Composite  Center  interface,  depicts  the 
interactions  with  the  Production  Control  Center  and  Data  Management  and 
Manufacturing  Control  Center  as  well  as  between  the  various  cells  within  the 
ICC. 

For  a  complete  discussion  of  Vought's  plans  for  the  development  of  its 
ICC,  refer  to  Appendix  B  of  Task  C,  ICC  Uequirements  and  Design  System 
Specification  Document  (SS  110511000)  which  was  submitted  to  the  Air  Force  on 
30  November  1982. 

3. 3. 8. 1.4  General  Dynamics  Integrated  Composites  Center  Preliminary  Design  - 
The  General  Dynamics  model  of  the  ICC  provides  the  manufacturing  capability 
for  the  production  of  advanced  thermoset  and  thermoplastic  composite 
structures.  The  center  is  arranged  in  a  cellular  configuration  using  highly 
automated  and  totally  integrated  systems.  This  cellular  configuration  lends 
itself  to  a  high  degree  of  system  flexibility  to  facilitate  system  integration 
and  implementation  efforts.  Figure  3-19  depicts  a  preliminary  all  arrangement 
for  this  center. 

At  the  present  time,  existing  floor  space  and  facility  layout  are  major 
limiting  factors  at  General  Dynamics.  It  is  not  certain  whether  a  major 
arrangement  of  the  facility  would  be  cost  effective. 

There  are  also  several  technological  voids  such  as  limited  cart 
maneuverability  and  floor  guide  paths  to  direct  the  carts  which  must  be 
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resolved.  Other  voids  are  in  the  area  of  Quality  Assurance  to  develop  visual, 
tactile  and  thermal  sensors  to  monitor  the  manufacturing  processes. 

Other  problem  areas  which  must  be  resolved  before  General  Dynamics  can 
complete  its  ICC  modeling  are: 

o  Sensing/ scanning  devices  and  chemical  characterization  techniques  to 
reduce  mechanical  testing  requirements 

o  Methods  to  obtain  processing  viscosities  to  be  used  in  plastics 
fabrication 

o  Improvements  in  tape-laying  methods  on  concave/convex  surfaces  and  to 
dispense  different  materials  from  the  same  tape-laying  machine 

o  More  research  and  development  is  needed  in  the  cure  processing  of 
advanced  nonmetallic  materials  such  as  thermoset  and  thermoplastic 
materials . 

For  a  complete  discussion  of  General  Dynamics  ICC  development  model,  refer 
to  Appendix  C  of  Task  C,  ICC  Requirements  and  Design  System  Specification 
Document  (SS  110511000),  which  was  submitted  to  the  Air  Force  on  30  November 
1982. 


3. 3. 8. 2  Desixn  Integrated  Composite  Center  System  (WBS  4. 3. 8. 2) 

The  System  Specification  prepared  by  the  coalition  outlined  seven  major 
sections  which  were  subsequently  incorporated  into  the  SDS. 

It  is  obvious  that  composite  structures  are  still  being  produced  in  a  very 
inefficient  (labor-intensive)  manner.  The  industry  is  still  in  the  early 
stages  of  designing  a  "TO  BE"  integrated  Factory  of  the  Future  relative  to 
automated  production,  production  planning  and  associated  material  and 
component  flow  through  the  shop. 

As  the  rate  and  complexity  of  composites  production  increases,  the 
requirements  for  automated  production  and  planning  becomes  critical.  The 
transition  into  composites  will  mandate  the  reduction  and  eventually  the 
elimination  of  hand-labor  and  semiautomated  techniques  as  they  become  less 
efficient  due  to  size  limitations,  production  rates,  quality  problems  and  cost 
consideration. 

The  System  Design  Specification  (SDS),  SDS110511000 ,  dated  28  February 
1983,  (refer  to  Volume  III,  Part  7),  preliminary  concepts  were  the  result  of 
analysis  performed  for  the  SRD ,  the  feedback  from  the  System  Requirement 
Review  (SRR)  and  the  elaboration  of  those  requirements  presented  in  the  System 
Specification.  The  SDS  addressed  how  each  requirement  of  the  SS  will  be 
satisfied. 
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The  major  system  requirements  of  the  SSD  have  been  transformed  into 
individual  Configuration  Items  (CIs)  representing  both  cells  and  systems 
indigenous  to  the  ICC.  These  CIs,  which  must  be  fully  developed  and  exploited 
to  conceptually  satisfy  thr  system  requirements,  are: 

o  Composite  Laminating  Cell 
o  Composite  Bagging  Cell 
o  '  Composite  Curing  Cell 
o  Composite  Trim  and  Drill  Cell 
o  Composite  Test  and  Inspection  Cell 
o  Composite  Subassembly  Cell 
o  Composite  Rework  Cell 
o  Tool  Maintenance  Handling  System 
o  Material  Handling  System 
o  Design/Develop  Composite  Structure 
o  Composite  Center  Management  System 

These  cells  and  systems  and  their  functions  are  specifically  described  in 
Section  3.0  of  the  SDS  document  of  28  February  1983. 

3. 3. 8. 2.1  ICC  Overview  -  The  ICC  must  schedule  and  control  the  fabrication 
and  subassembly  of  structurally  acceptable  composite  components  for  both 
fighter  and  transport-type  aircraft.  The  size  of  the  structures  will  range 
from  doors  and  panels  for  fighters  to  wing  and  empennage  components  for 
transport-type  aircraft.  They  may  be  large  flat  laminates  or  small 
subassemblies  with  convoluting  surfaces. 

The  center  trill  laminate  these  structures  using  technologies  that  employ 
both  broadgoods  and  tape-laying  approaches.  The  laminating  cell  will  employ: 
automated  material -cutting  techniques;  f Llarjant-winding  capabilities; 
protruding  of  constant  cross-section  shapes,  and  injection-molding 
capabilities  for  structural  clips  and  brackets.  There  will  be  a  flat, 
laminating  module  for  actual  part  layup  or  preplying  for  subsequent  forming, 
and  ply  disposition  techniques  using  both  robotics  and  composite 
technologies.  Primary  structures  will  be  bagged  and  cured  in  an  autoclave 
while  secondary  structures  may  be  vacuum  bagged  and  cured  in  an  oven  or 
autoclave.  Specialized  curing  vessels  such  as  presses  or  mated  machined  metal 
dies  will  be  available  as  required. 

A  trimming  and  drilling  cell  using  the  latest  equipment  (robots  and 
waterjet  cutters)  and  cutting  tool  technology  will  be  included.  With  proper 
design/manufacturing  interface,  the  dependence  on  the  cell  could  be  reduced  by 
laying  up  laminates  net  and  molding- in  holes. 

The  test  and  Inspection  cell  will  make  checks  to  ensure  that  the 
structural  integrity  of  composite  components  are  maintained.  This  includes 
initial  receiving  and  inspection,  on-line  in-process  inspection  techniques, 
and  the  latest  in  nondestructive  evaluation  and  inspection  procedures  (C-scan, 
nonfilm  radiography,  etc.).  All  processes  would  be  computer  controlled  and 
include  computer  interpretation  of  test  results  to  establish  acceptance  or 
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rejection.  Every  attempt  will  be  made  within  the  Integrated  Composites  Center 
to  minimize  the  impact  (and  thus  the  cost)  of  quality  control  through  the  use 
of  statistics,  and  the  development  of  production  processes  that  maintain 
product  consistency. 

Within  ICC  will  be  cells  specifically  dedicated  to  subassembly;  to  the 
reworking  of  cured  laminates  or  subassemblies  that  do  not  meet  specifications; 
and  to  tooling  preparation,  maintenance  and  minor  repair.  Given  the  type  of 
activities  indigenous  to  each  of  these  cells,  it  is  likely  that  they  will  be 
labor-intensive. 

Tools,  materials  and  composite  components  will  move  within  the  center  via 
the  automated  material-handling  system.  This  system,  as  well  as  the 
activities  or  physical  processes  that  occur  in  each  of  the  cells,  will  be 
directed  by  the  ICC  management  system.  This  system  will  manage  all  resources 
required  to  manufacture  composite  components. 

The  major  benefits  derived  from  the  implementation  of  the  Integrated 
Composites  Center  are  two-fold.  The  first  will  be  the  optimum  use  of  scarce 
resources  in  terms  of  facilities,  labor,  capital  equipment,  raw  materials  and 
management  acumen  to  thwart  the  law  of  diminishing  marginal  returns.  The 
second  will  be  the  production  of  composite  structures  that  are  cost 
competitive  in  terms  of  acquisition  and  life-cycle  costs.  Figure  3-20  shows  a 
generic  conceptualization  of  an  ICC  exhibiting  the  major  Configuration  Items. 

o  Physical  Interfaces  -  The  physical  interfaces  between  the  Integrated 
Composites  Center  and  the  factory  level  systems  are  shown  in  Figure 
3-?l.  As  can  be  seen  from  this  diagram,  all  physical  items  are 
transported  by  the  intra/intercenter  materials  handling  system.  In  a 
union  shop,  this  division  of  labor  may  be  mandatory  in  the  current 
environment. 

3. 3. 8. 3  Produce  ''TO-BE"  Integrated  Composite  Center  Models  (WBS  4. 3. 8. 3) 

Figure  3-22  shows  an  IDEF  activity  model  of  the  Integrated  Composites 
Center.  This  diagram  shows  the  interrelationships  among  the  eleven 
configuration  items  which  make  up  the  ICC  as  described  in  paragraph  3. 3. 8. 2. 

Of  special  interest  in  this  model  are  the  complex  interrelationships  among  the 
Manage  function,  the  Test  and  Inspection  function,  and  the  Move  and  Store 
function.  It  is  because  of  these  interactions  that  materials,  parts  and  tools 
are  not  shown  ''flowing*'  from  one  physical  process  to  another. 

3. 3. 8. 3.1  Northrop 's  Integrated  Composites  Center  -  The  following  paragraphs 
describe  the  System  Design  Specification  for  Northrop's  "TO  BE"  Integrated 
Composites  Center  system. 

The  ICC  will  be  a  largely  autonomous  operation  within  the  overall 
framework  of  Northrop’s  factory  environment.  It  will  be  oriented  toward  the 
specific  functions  and  operations  necessary  to  produce  composite  structures. 
Many  factory  functions  not  unique  to  composites  manufacturing,  but  common  to 
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each  of  the  fabrication  and/or  subassembly  centers,  will  be  relegated  to 
Factory  level  systems.  This  will  allow  the  ICC  to  specialize  within  its 
specific  production  requirements.  To  ensure  that  the  ICC  does  not  negatively 
impact  the  overall  factory  operations  (and  to  ensure  that  the  overall  factory 
operation  does  not  negatively  impact  the  ICC) ,  an  overall  systems  framework 
will  be  established  to  describe  the  necessary  degree  of  integration  between 
the  Northrop  factory  and  the  ICC.  The  specific  degree  of  coupling  between  the 
systems  internal  to  the  ICC  (largely  oriented  to  composites  manufacturing)  and 
the  Factory  level  systems  which  support  the  overall  factory  operation  will  be 
detailed  as  the  ICC  system  design  natures.  Because  the  ICC  is  seen  as  a  ''new*' 
subsystem  within  a  relatively  "old-"  Factory  system,  it  is  likely  that  the  ICC 
design  will  require  performance  that  the  current  factory  level  systems  cannot 
support.  In  these  cases  the  specific  performance  requirement  will  be 
identified  and  a  means  for  its  satisfaction  will  be  recommended.  The  specific 
issue  of  how  the  ICC  will  be  implemented  within  the  Northrop  environment  is 
the  subject  of  the  ICC  Implementation  Planning  Document.  This  document  will 
be  produced  as  the  final  product  of  the  Preliminary  Design  Program. 

o  Production  Parameters  -  Northrop  plans  to  become  a  leading  producer  of 
aerospace  composite  structures.  To  accomplish  this  goal,  Northrop  has 
chosen  to  include  both  the  production  of  large  and  small  aircraft 
components  within  its  production  requirements  envelope  -f  its  ICC. 

Allowing  the  ICC  to  be  effective  for  ft  least  a  decade,  possibly  longer, 
before  major  changes  are  needed.  Bec^ise  of  the  uncertainties  inherent  in 
predicting  the  future,  the  ICC  design  team  included  flexibility  based  upon 
continuous  trend  analyzing  supported  by  expert  opinion  as  a  key  design 
feature.  Northrop's  ICC  system  design  is  based  upon  the  current  F-18A  and 
F-20  production  requirements  as  well  as  possible  evolutionary  developments 
which  could  cause  these  aircraft  to  evolve  into  largely  composite 
airframes.  Furthermore,  to  improve  ICC  capabilitiy,  Northrop  included  the 
production  of  a  large  transport  type  aircraft  in  its  ICC  requirements 
envelope. 

o  ICC  Functional  Parameters  -  Northrop’s  ICC  produces  airframe  composite 
structures  according  to  engineering  designs  and  specifications, 
contractual  delivery  rates  and  dates,  and  approved  cost  targets. 
Functionally,  the  "TO  BE"  ICC  is  equivalent  to  the  "AS  IS"  composites 
center  in  terms  of  what  it  must  be  capable  of  doing.  The  differences 
between  the  "AS  IS"  and  the  "TO  BE"  ICC  is  in  how  these  functions  are 
performed.  Through  the  use  of  advanced  technology  and  rigorous  system 
development  methods,  the  "TO  BE"  ICC  will  be  designed  to:  reduce  the  cost 
of  producing  composite  structures;  increase  their  quality;  and  provide  a 
degree  of  flexibility  impossible  to  achieve  within  the  current  composites 
center.  Increased  flexibility  (which  is  often  difficult  to  quantify)  will 
be  manifested  in  an  enhanced  ability  to  respond,  in  a  cost  effective 
manner,  to  changes  in  production  rates,  product  mix  and  material  systems. 
One  of  the  key  requirements  of  the  ICC  is  that  it  be  based  upon  an 
"open-ended"  design.  That  is,  the  ICC  must  be  capable  of  being  expanded 
to  satisfy  future  requirements  without  causing  major  obsolescence,  high 
cost,  undue  risk  or  production  interruption. 
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o  Physical  Parameters  -  The  physical  requirements  of  Northrop’ s  ICC  will 

become  more  detailed  as  the  design  progresses  through  the  Preliminary  and 
Detail  Design  phases.  Production  rates  and  volume  requirements  will  be 
the  principal  drivers.  It  is  estimated  that  Northrop’ s  ICC  will  require 
approximately  350,000  square  feet  of  floor  space.  The  use  of  overhead 
space  for  vertical  racks,  hoists  and  monorails  will  provide  flexibility 
and  allow  denser  packing  of  ICC  components  into  the  same  floor  space. 

The  current  capacity  of  Northrop  Building  905  will  support  most 
predicted  ICC  requirements.  A  possible  exception  may  be  the  need  for  a 
separate  facility  to  produce  very  large  components  for  the  Large  Advanced 
Subsonic  Transport  (LAST)  aircraft.  This,  yet  to  be  designed,  aircraft 
may  require  a  160,000-square-foot  facility  for  the  production  of  an 
integral  wing  and/or  fuselage.  It  is  unlikely  that  both  structures  would 
be  produced  at  Northrop  due  to  volume,  cost  and  risk  constraints.  It  is 
assumed  that  one  facility  will  be  needed  which  can  house  one  or  more 
complete  wings  and/or  fuselages.  It  is  also  likely  that  the  layup,  cure, 
trim  and  inspection  of  this  structure  would  be  carried  out  in  this 
external  facility.  The  operation  of  both  the  ICC  (Building  905)  and  the 
LAST  facility  (if  needed)  would  be  controlled  by  the  ICC  control  system. 

If  the  LAST  facility  were  geographically  distant  from  the  central  ICC,  a 
subset  or  copy  of  the  ICC  control  system  could  be  used  to  minimize  the 
telecommunications  costs. 

The  ICC  will  include  an  environmental  control  system  that  will  allow 
selected  temperature,  pressure  and  humidity  ranges  to  be  maintained.  In 
addition,  dust  and  other  contaminants  must  be  controlled  within  the  ICC. 
Yhese  environmental  controls  will  be  controllable  to  meet  specific 
processing  requirements  of  the  various  cells  and  work  stations.  In 
addition,  they  will  satisfy  customer  and  Mil-spec  requirements. 

o  Performance  Parameters  -  The  ICC  must  meet  future  production  requirements, 
schedules,  cost  and  quality  goals.  It  can  not  become  the  "critical  path” 
for  producing  aircraft  nor  the  constraining  element  in  responding  to 
product  or  production  changes.  Consequently,  following  requirements  will 
be  met: 

o  Effective  and  responsive  planning  and  control  of  production  capacity, 
requirements  and  status 

o  Redundancy,  where  required,  to  avoid  catastrophic  failure  of  key  system 
components 

o  Queues,  banks  and  cushions  planned  and  controlled  uO  ensure  a  smooth 
flow  of  work 

o  Avoidance  of  work  flow  ddisturbances. 
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o  Interface  Parameters  -  The  ICC  roust  be  integrated  in  two  major  ways:  (1) 
so  that  each  element  supports  and  complements  all  other  system  elements, 
and  (2)  to  be  an  integral  part  of  an  overall  factory  system.  Integration 
will  be  accomplished  through  an  integrated  control  system  and  through  the 
intercell  materials  handling  system. 

While  the  ICC  is  being  designed  as  an  integral  part  of  Northrop* s 
Factory  operation,  it  will  be  considered  as  a  new  or  "TO  BE”  system. 
Unfortunately,  Northrop ls  external  (to  the  ICC)  Factory  systems  are  not 
new.  The  design  of  a  "TO  BE"  center  in  an  "AS  IS"  Factory  is  most 
challenging.  While  it  is  certain  that  the  Northrop  Factory  systems  will 
evolve  over  the  ICC  development  time- frame,  the  exact  nature  and  rate  of 
this  evolutionary  process  is  difficult  to  ascertain. 

Figure  3-23  shows  the  relationship  between  the  ICC  and  the  Northrop 
factory  level  systems. 

o  Design  Constraints  -  The  ICC  is  designed  to  produce  Northrop* s  composite 
airframe  components.  Its  design,  to  a  large  extent,  is  constrained  by  the 
design  of  the  component  parts,  the  materials  selected  and  the  inspection 
requirements  as  well  as  the  production  rates  and  schedules  which  are 
levied  upon  the  composites  center.  The  major  design  constraint  is  that 
the  "TO  BE"  ICC  must  work  in  Northrop* s  real-world  environment.  The  "TO 
BE”  ICC  must  produce  quality  products  at  rate,  to  schedule,  and  at  a 
significantly  lower  cost  and  risk  than  the  "AS  IS"  system.  It  must  also 
be  flexible  enough  to  satisfy  these  requirements  for  at  least  10  years 
without  requiring  major  revisions. 

o  Design  Strategy  -  In  the  design  of  Northrop* s  "TO  BE"  ICC  each  function 
required  to  produce  composite  structures  in  the  current  and  projected 
future  environment  has  been  analyzed.  For  each  function,  improvement 
potential  was  ascertained  based  upon  available  and  soon- to-be  available 
methods  and  techniques.  Many  improvement  concepts  imply  a  substitution  of 
mechanized  and/or  automated  processes  for  current  human  labor-intensive 
operations.  These  substitutions  are  desirable  for  three  reasons: 

o  Mechanized  equipment  can  produce  the  same  level  of  output  as  its  human 
counterpart  for  less  cost 

o  Mechanized  equipment  can  be  controlled  more  effectively  than  humans, 
thereby  increasing  the  "quality"  of  the  productive  output 

o  It  may  be  difficult  to  find  humans  who  are  willing  and  able  to  perform 
adequately  in  some  production  environments. 

Each  ICC  function  was  been  analyzed  in  light  of  these  three  factors.  The 
appropriate  degree  of  mechanization  and  automation  resident  in  the  ICC  is 
worthy  of  analysis.  The  final  decision  has  yet  to  be  made  because  this 
analysis  is  still  under  way.  However,  certain  design  groundrules  have  been 
established  which  impacted  the  System  Design  Specification.  These  groundrules 
are: 
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o  Mechanization/Automation  will  be  used  where  the  costs  and  risks  clearly 
indicate  large  cost  savings  potential 

o  Available  equipment,  facilities,  and  tools  will  be  utilized  where  the 
cost  of  replacing  them  (for  the  purpose  of  mechanization/automation) 
cannot  be  justified. 

o  Flexibility,  reliability,  maintainability  and  safety  will  be  primary 
considerations  in  the  use  of  mechanized/automated  equipment  and 
processes 

o  Mechanization/automation  will  not  be  used  solely  to  remove  humans  from 
composites  manufacturing  operations  except  for  reasons  of  health  or 
safety 

o  Northrop 's  will  remain  "a  good  place  to  work"  for  humans;  the  ICC  will 
make  it  "a  better  place  to  work.” 

o  Quality  Assurance  Parameters  -  Northrop *s  ICC  is  being  designed  to  replace 
the  "AS  IS"  composites  production  center.  The  quality  requirements  of  the 
"AS  IS”  system  will  be  imposed  upon  the  ”T0  BE"  ICC.  This  means  that  the 
ICC  must  produce  composites  structures  at  quality  levels  specified  by  the 
customer,  military  specifications  and  the  product  design.  The  success  of 
the  ICC  will  be  measured  in  terms  of  how  well  these  standards  are  met. 

The  goal  of  Northrop *  s  ICC  "TO  BE"  design  is  to  produce  acceptable  parts 
every  time  (no  scrap)  at  a  total  cost  which  is  lower  than  the  "AS  IS” 
system.  Rework  cost  goals  have  been  set  at  5%  of  direct  labor  hours.  The 
effectiveness  of  the  ICC  design  will  be  determined  by  how  well  these  goals 
are  met. 

o  ICC  Configuration  Items  -  In  the  factory  hierarchy,  the  ICC  is  comprised 
of  cells,  stations,  positions,  processes  and  operations.  To  simplify  the 
description  of  the  evolving  ICC  design,  areas  which  clearly  can  be 
identified  as  physical  entities  will  be  considered  cells,  stations  and 
positions.  Less  tangible  subsystems  which  deal  with  Information 
processing  or  decision-making,  which  are  more  logical  constructs  than 
physical  locations,  will  continue  to  be  called  subsystems. 

The  distinction  between  cells  and  subsystems  is  made  for  convenience  in 
understanding  the  ICC  design.  The  actual  delineation  between  the  two  is 
somewhat  arbitrary.  This  System  Design  Specification  is  focused  upon  the 
ICC  itself  (as  a  system)  and  its  component  cells  and  subsystems. 
Descriptions  of  stations,  modules  and  equipment  will  be  contained  in 
subsequent  documents.  Figure  3-24  shows  the  major  components  of 
Northrop’s  ICC.  This  schematic  diagram  shows  only  major  functional 
elements  of  the  ICC;  scale  and  functional  relationships  are  not  shown. 

Appendix  A  of  the  System  Design  Specification  (SDS110511000)  of  28 
February  1983  discusses  each  configuration  item  independently.  Where 
alternative  design  concepts  are  introduced,  the  benefits  and  drawbacks  of 
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each  alternative  is  identified  and  a  selected  design,  if  found  to  be 
appropriate,  is  described. 

3. 3. 8. 3. 2  Vouxhf s  Integrated  Composites  Center  -  Vought,  as  a  major 
aerospace  subcontractor,  produces  a  large  product  mix  of  fiberglass,  Kevlar, 
graphite  and  hybrid  composite  parts  at  variable  production  rates.  To  meet  the 
requirements  of  its  customers,  Fought  designed  a  flexible  ICC  which  could 
fabricate  different  products  at  will  —  cheaply  and  in  small  quantities.  The 
functional  areas  of  the  ICC  ere  called  cells;  the  interfaces  between  these 
cells  are  defined  as  subsystems  to  the  factory  level  system. 

In  the  future,  the  control  structure  will  consist  of  a  factory  which 
manages  one  or  more  cells  which  in  turn,  manage  one  or  more  stations.  The 
station  may  perform  one  or  more  operations  to  accomplish  a  factory  objective. 
Figure  3-25  is  based  on  the  Factory  of  the  Future  concept  developed  by  the 
Task  B  coalition.  It  depicts  the  interaction  between  centers.  Figure  3-26, 
Produce  Composite  Structures,  depicts  the  interfacing/ interact ions  between 
centers  at  the  factory  level.  Figure  3-27  depicts  the  interfacing/ 
interactions/integrations  between  the  center/cells  within  the  ICC  system  in 
general. 

o  ICC  Cells  at  Vought  -  The  following  cells  are  involved  in  the  production 
of  composite  structures  at  Vought.  A  complete  definition  of  their 
structure  and  function  can  be  found  in  Appendix  B,  System  Design 
Specification  (SDS110511000)  dated  28  February  1983. 

-  Manufacturing  Engineering  and  Control  Cells.  These  provide  the 
technical  support  and  control  for  the  ICC;  i.e.,  cost,  scheduling, 
developing  and  management  reports. 

o  Manufacturing  Engineering  Composite  Cells 
o  Manufacturing  Control  Composite  Cells 

-  Production  Control  Composite  Cells.  These  provide  for  the  storage  of 
materials  and  details,  kitting  of  work  packages,  movement  and  tracking 
of  work  packages  between  cells  and  the  storing  and  tracking  of  tools. 

o  Manufacturing  Requirements  and  Order  Release  Control  Composite  Cell 

o  Production  Control  Composite  Storage/Kitting  Cell 
Shop  order  file 

Refrigerated  material  storage  area 
Cut  ply  kit  storage/tracking 
Inventory  computer  terminals 

o  Production  Control  Moving/Tracking  Cell 
Work  package  and  material  moving 
Automated  guided  vehicles 
Tool  storage  and  management 
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Figure  3-26.  Produce  Composite  Structures 
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-  Composite  Fabrication  Cells.  These  receive  work  packages  from 
production  control,  fabricate  the  required  parts/details  with  the  aid 
of  detailed  instructions  end  forward  the  completed  items  to 
Inspection.  This  is  a  semiautomated ,  mechanized  system.  These  cells 
are  charged  with  core  fabrication,  shaping,  forming,  potting  and 
curing.  Other  ceils  within  the  Composite  Fabrication  Cells  are: 

o  Ply  cutting  cell 

Composite  materiel  preparation 
Automated  tape  laying  machine 
Woven  fabric  laminating  stand 
Rapid  ply  cutter 
Material  handling  equipment 

o  Layup  and  Assembly  Cells 
Laminating 

Pick  and  place  robots 
Overhead  broadgoods  dispenser 
Computer  terminals 
Local  storage  oven 
Complex  parts  forming  area 

o  Manual  Laminating  Cell 

o  Filament  Winding  Cell 

o  Vacuum  Bagging  Cell 

o  Thermal  Cycling  Cell 

Autoclave  staging  area 
Autoclave 
Post-curing  ovens 

o  Tool  Preparation  Cell 

Tool  teardown  and  preparation  area 

o  Trim  and  Drill  Cell 

Automated  equipment  (robotics) 

Hand  controlled  waterjet  cutters 

o  Composite  Rework/Repair  Cell 

-  Quality  Control  Inspection  and  Test  Cells.  Provides  inspection  for 
incoming  material,  in-process  inspection  services  for  fabrication 
control,  non-destructive  testing  of  cured  composite  components  and 
final  inspection. 

o  QA  Material  Evaluation  and  Destructive  Test  Cell 
Cured  laminate  test 
Uncured  material  test 
Chemical  characterization 
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o  QC  Non-Destructive  Investigation  Cell 
Radiography 
Ultrasonic 
Manual  tapping 

o  In-Process  and  Pinal  Inspection 
Shop  floor  inspections 
Automated  equipment  monitors 
Three-dimensional  inspection  equipment 
Computer-aided  records 
Material  Review  Board 

o  Subsystem  Identification  -  Within  the  Vought  ICC,  the  functional 

interfaces  between  centers  are  identified  as  systems  and  given  unique 
Configuration  Item  numbers.  Subsystems  are  given  lower  level  numbers 
corresponding  to  its  upper  level  system.  Figure  3-28,  Integrated 
Composite  Center  Control  Systems,  shows  the  factory  level  systems 
interface  with  the  ICC.  This  interface  provides  the  design  strategy  to  be 
followed  when  identifying  the  various  configuration  items. 

-  Design/Hanufacturing  Interface  System.  Must  be  defined  early  enough  in 
the  production  life  cycle  to  ensure  a  parts  definition  data  base  that 
can  be  readily  utilized  by  manufacturing.  Group  Technology,  Generative 
Process  Planning  and  3-D  Solid  Geometric  Modeling  will  all  be  major 
factors  in  the  successful  development  of  this  data  base.  Some  of  the 
design/manufacturing  interface  subsystems  are: 

o  Parts  Definition  Data  Base 
Computer-aided  design 
Group  Technology 
Generative  Process  Planning 

-  Manufacturing  Control  System.  This  system  provides  the  control  and 
tracking  of  the  shop  orders  written  and  released  by  the  Manufacturing 
Requirements  and  Order  Control  Cell.  The  Manufacturing  Control  System 
provides  a  hierarchical  control  based  on  the  center-cell-station- 
operation  organization  structure.  It  allows  flexibility  and  growth  in 
the  control  hierarchy  of  each  individual  center.  Some  of  its 
subsystems  and  parts  are: 

o  Composite  Center  Control 

Composite  Data  Collection  (DACOL) 

MCS  Master  File 
DACOL  Card  Readers 
MCS  Computer  Terminals 

o  Composite  Management  Reports 
Daily  Report  Computer  Programs 
Weekly  Report  Computer  Programs 
Special  Report  Computer  Programs 
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o  Information  Storage  and  Retrieval 
Material  Control  Interface 
Tool  Fabrication  and  Repair  Interface 
Quality  Control  Interface 
Storage  Control  Interface 
Product  Design/Producibility  Analysis 

o  Composite  Facilities  Management 
Maintenance  Control 
Work  around  Plan  Development 

o  Composite  Personnel  Management 

Operator  Identifications  and  Information 
Shop  Loading 

o  Integrated  Management 

Automated  and  semi-automated  support  systems 
Coordination  and  control  of  overall  ICC  requirements 

-  Production  Control  System.  This  system  determines  the  ICC 

manufacturing  requirements,  controls  the  work-in-process  to  satisfy 
those  requirements,  provides  the  detailed  instructions  for  the 
work- in-process ,  stocks  and  controls  the  materials  required  for 
processing,  and  provides  the  tool  storage/tracking  for  component 
fabrication.  Some  of  its  subsystems  are: 

o  Manufacturing  requirements 

Part  requirement  and  completion  file 
Computerized  master  schedule 

o  Order  and  Release  Control 
Automated  order  writing 
Detailed  instructions 
MOD/ change  records 

o  Storage/Kitting  Management 

Automated  parts  storage  and  retrieval 
Automated  material  storage  and  retrieval 
Automated  cut  ply  kit  storage  and  retrieval 
Perishable  material  out-time  tracking 
Material  usage 
Automated  part  moving 
Schedule  priority  change 

o  Tool  Storage/Tracking 

Automated  tool  location/status 

Automated  tool  storage  and  retrieval 

Interface  with  too*  fabrication  and  repair  system 
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-  Material  Control  System.  This  system  provides  inventory  management  and 
control  for  all  materials  used  in  the  ICC.  It  provides  a  my  to 
forecast  and  control  inventory  requirements  and  computerized  tracking 
of  perishable  material  out-time  and  detail  parts  storage  and 
inventory.  The  major  components  of  this  system  are: 

o  Composite  Material  Control 

Automated  Material  Forecasting 
Material  Inventory  and  Usage 

o  Perishable  Material  Tracking  and  Control 
Bar  code  readers 
Material  out-time  tracking 

-  Tool  Fabrication  and  Repair  System.  This  system  Provides  the  tracking 
and  control  of  new  tools  being  fabricated  and  tools  being 
repaired/updated  to  be  used  in  the  ICC.  The  system  interfaces  with 
CAD/CAM  to  produce  replicates  derived  from  mathematical  models  when 
designing  and  fabricating  new  tools.  Its  subsystem  and  parts  are: 

o  Composite  Tool  Management 
Hew  tool  status 
Tool  repair/update  status 

-  Quality  Assurance  and  Control  System.  This  system  provides  controls, 
quality  requirements  and  instructions  and  collects  information  for 
materials  and  processes  used  in  the  ICC.  The  system  will  interface 
with  materials  control,  in-process  inspection  and  automated  equipment 
monitors,  inspection  and  test  results,  and  the  MBB.  The  system  will 
provide  accept/reject  criteria,  statistical  analyses,  link  with 
computer-aided  design  and  maintain  documentation.  Some  of  its 
subsystems  are: 

o  Composite  Material  Control 
Computerized  control  tags 


o  Inspection  and  Test  Data  Collection 
In-process  inspection 
HDI  results  and  records 
MBB  results  and  records 

o  Final  Inspection  Data  Collection 
Final  Inspection  Data 

4 

3 . 3 . 8 . 3 . 3  General  Dynamics  Integrated  Composites  Center  J 

General  Dynamics  strategy  in  structuring  its  “TO  BE”  Integrated  Composites  j 

Center  was  to  design  it  for  the  1990-1995  time-frame  with  capabilities  within  | 
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the  realm  of  the  mid-1980's  technologies.  By  incorporating  the  enabling 
technologies  from  its  past  development  programs  and  aggressively  filling 
identified  technological  voids,  they  developed  an  implement able  system  with 
enhanced  manufacturing  capabilities.  These  capabilities  with  "designed- in" 
flexibility  will  enable  General  Dynamics  to  produce  cost-effective, 
high-quality  weapons  systems  with  composite  components  well  into  the  next 
century. 

The  following  paragraphs  summarize  the  functional  characteristics, 
operating  environment  and  design  specifications  for  production  equipment  and 
support  systems  envisioned  in  an  ICC  at  General  Dynamics’  Fort  Worth  plant. 

For  a  more  detailed  description  of  this  ICC,  refer  to  Appendix  C,  System 
Design  Specification  (SDS110511000)  dated  28  February  1983. 

A  functional  description  and  design  specification  for  the  three  support 
systems  and  seven  major  cells  found  in  the  ICC  follows. 

o  Support  Systems  ~  The  three  support  systems  coiranon  to  all  cells  within  the 
ICC  are  the: 

o  Automated  Material  Handling  System  (AKHS) 
o  Automated  Quality  Assurance  System  (AQA) 
o  Identification  and  Code  Recognition  System  (ICRS) 

These  systems  will  be  integrated  through  the  ICC  central  computer  to 
provide  the  necessary  part  transportation,  traceability  and  quality 
assurance  for  a  totally  integrated  center. 

AMHS  is  a  computer-controlled  transportation  system  responsible  for 
moving  and  queuing  materials,  parts  and  tools  throughout  the  center. 

While  there  are  various  automated  material  handling  systems  available 
today,  some  design  modifications  will  be  required  to  increase  their 
flexibility  and  capabilities.  These  modifications  will  include  such 
features  as  improved  positioning  capabilities  and  improved  load/unload 
capabilities.  Major  components  of  this  system  are: 

o  AMHS  computer 
o  AMHS  transportation  carts 
o  AMHS  overhead  transport 

The  AQA  System  retrieves,  analyzes  and  stores  quality  data.  Terminal 
sensing  devices  at  specific  locations  will  receive/transmit  data  to  the 
system  computer.  Developments  in  sensor  technology  will  be  a  key  element 
in  the  AQA  system.  A  means  for  retrieving  real-time  quality  data  is 
required  for  in-process  quality  control.  Figure  3-29  illustrates  the 
functions  performed  within  the  ICC  and  the  processing  data  required  to 
support  a  quality  data  base.  Major  components  for  the  AQA  System  are: 

o  AQA  computer 
o  Peripheral  devices 

Data  terminals  and  CRTs 
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Figure  3-29.  GD/FV  ICC 
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’ The  ICRS  codes  and  identifies  materials,  parts  and  tools  as  they  enter  the 
ICC  and  move  through  the  functional  cells  or  specialized  work  stations.  The 
system  will  provide  the  material/part/tool  traceability  necessary  for  the 
center.  Code  'abelers  and  readers  will  be  distributed  throughout  the  center. 

A  bar-type  coding  system  is  envisioned  for  the  center.  A  present  area  of 
concern,  in  this  method  is  the  labeling  material  with  which  the  bar  code  is 
printed.  It  must  not  be  deleterious  to  composite  materials  and  oust  be  able 
to  withstand  the  various  processes  associated  with  composites  manufacturing. 

Two  major  components  for  the  ICTIS  are: 

o  ICRS  computer 
o  Labeler/reader 
Bar  code 

o  Waior  Cells  -  Major  cells  within  the  ICC  are: 

o  Receiving  and  storage 
o  Plastics  fabrication 

o  Composite  laminate  fabricstion/component  build-up 
o  Cure  process 
o  Tool  prep  and  storage 
o  Inspection 
o  Part  drill  and  rout 

Fig -re  3-30  illustrates  the  ICC*s  hierarchical  control  structure  and 
lists  specific  equipment  required  for  each  cell. 

The  Receiving  and  Storage  cell  provides  for  the  automated  storage  and 
retrieval  of  materials  and  parts  within  the  composites  center.  Components 
of  the  cell  are: 

o  Automated  storage  and  retrieval  system  (AS/US) 

Refrigerated 

Hon-refrigerated 

o  Receiving  inspection 

Manual  code  labeling  and  reading  device 
Data  terminal 

Pre-preg  analysis  . 

Adhesive,  resin,  sealant  analysis 
Mechanical  destructive  test  apparatus 

Plastics  Fabrication  processes  include  Resin  Transfer  Molding  (RTM)  and 
High  Performance  Thermoplastic  Processing  (HPTP) .  Components  of  this  cell  are: 

O  RTM 

Resin  transfer  molding  machine 
Oven  (batch- type) 

Stretch  former 
Broadgoods  spreader 
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Figure  3-30.  ICC  Hierarchical  Control  Structure 
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o  HPTP 

Oven  (continuous  feed} 

Hater  jet  cutter 

Stamping  press 
Inductive  heating  roll 
Thermoplastic  pultrusion  machine 

o  Peripheral  devices 

Code  reader  and  labeler 
Data  terminal  and  CRT 

The  Composite  Laminate  Fabrication/Component  Build-up  cells  provide 
automated  placement  of  materials,  the  build-up  of  various  laminated  structures 
and  components  and  the  bagging  of  these  structures  for  curing.  Equipment  in 
this  cell  will  provide  the  capsoility  for  placing  multiple  composite  materials 
onto  flat,  concave/convex,  cylindrically  and  elliptically-shoped  structures. 
Some  components  of  this  cel.1,  are: 

o  Tape  laying  machines 
Flat  layup  surface 
Contour  layup  surface 

o  Broadgoods  spreader/cutter 

Automated  material  dispense,  steel  rule  die/hydraulic  press 

Filament  winding 

Braiding  machine 

Spar/stiffener  fabricator 

Component  build-up 

o  Wing 

o  Empennage  (vertical  stabilizer) 
o  Fuselage 
o  Air  inlet  duct 

The  Cure  Process  is  performed  on  therraoset  materials.  Its  function  is  the 
automated  monitoring,  controlling  and  recording  of  the  critical  materials  and 
process  variables.  Equipment  needed  for  this  cell  includes: 

o  Autoclaves 

Combustion  heat,  internal  air  circulation,  controlled  cooling 

o  Ovens 

Batch,  combustion  heat,  double-entry 
Continuous  feed,  infrared  heat,  double-entry 

The  Tool  Preparation  and  Storage  cell  is  designed  for  the  removal  of  parts 
from  tools,  preparation  of  tools  for  the  next  manufacturing  sequence  and  the 
storage  of  tools  until  needed.  Tool  preparation  involves  manual  cleaning 
tastes  and  automated  verification  systems.  Part  removal  will  be  a 
mechanically-aided  manual  operation.  Components  of  this  cell  are: 
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o  Tool  Storage  and  Retrieval 

Automated  storage  and  retrieval  system 
Code  recognition  capabilities 

o  Tool  Preparation 

Robotic  positioning  of  sensors 

Robots  similar  to  the  Cincinnati  Hilacron  model 
Code  recognition 
Automated  tool  positioning 

o  Tool/Part  Separation 
Overhead  hoist 
Code  recognition 
Data  terminal 
Auto  tool  tab  drill 

Inspection  verifies  component  and  structural  integrity,  dimensional 
accuracy,  the  location  of  structural  members  within  the  component  and 
ascertains  the  quality  of  adhesive  bonds  and  seals.  Components  of  the 
inspection  cell  are: 

o  Peripheral  Devices 
Code  readers 
Data  terminals 
Plotters 

o  Tool  Fixtures 

Adjustable  (auto  clamp  capabilities) 

Interchangeab le 
Overhead  hoists 

o  HDE 

Ultrasonics  pulse-echo  and  through  transmission 

-  Robotic  positioned  sensors 

-  Multi-axis  part  positioners 

X-Radiography 

Digital  image  processing 

-  Multiple  energy  techniques 

-  Stereo  fluorscopy 
Robotic  positioned  scanner 

Part  Drill  and  Rout.  Prepares  parte  and  components  for  installation  and 
assembly.  Developing  of  end  effectors  equipped  with  sensors  capable  of 
monitoring  tool  dynamics  will  eliminate  hole  and  edge  de laminations. 

Real-time  monitoring  will  also  diminish  the  requirements  for  a  post-drill  and 
rout  Inspection.  Components  of  this  cell  are: 

o  Peripheral  Devices 
Code  readers 
Data  terminals 
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o  Tool  Fixture 

Adjustable/ interchangeable 
Overhead  hoist 
Hultl-axis  part  positioner 

o  Robots 

Hydraulic/DC  Drive 

-  Computer  controlled 

-  Cincinnati  Kilacron  Type  T3 

-  Adaptive  control 

o  System  Integration  -  System  integration  for  the  composites  center  will 
eventually  result  from  the  effective  coordination  of  the  technologies 
being  developed  under  the  .tir  Force's  ICAH  programs.  Through  these 
technologies,  there  will  evolve  an  ICC  that  incorporates  planning,  control 
and  decision  support  systems  with  the  management  of  fabrication,  quality 
assurance  and  material  handling/storage  processes  related  to  composites 
manufacturing . 

Figure  3-31  portrays  a  typical  environment  which  will  exLst  at  General 
Dynamics  in  the  1990-1995  time-frame.  This  system  is  currently  in  the 
planning  stage. 

o  Product  Data  Base  -  At  present,  there  is  a  need  for  a  product  data  base 

for  nonmetallic  part  design  and  manufacture.  With  the  development  of  this 
data  base,  there  will  be  automatic  generation  of: 

-  Composite  designs  with  incorporated  manufacturing  restraints 

-  NC/DHC/CHC  programs 

-  Robotics  programs 

-  Automated  process  planning 

-  Automated  time  standards 

o  Computer-Based  Information  System  -  A  computer-based  information  system 
(CBIS),  similar  to  the  one  in  ICAM  2201,  will  establish  the  information 
network  for  ICC.  It  is  currently  envisioned  that  there  will  be  four  tiers 
of  information  within  the  CBIS. 

-  Tier  One  -  central  processor  at  Data  Systems  Division  Central  Center 

-  Tier  Two  -  work  center  controller  (ICC) 

-  Tier  Three  -  work  cell  controller  (composite  laminate  fabrication) 

-  Tier  Four  ~  station  controller  (tape  laying  machine) 

Each  tier  will  contain  those  applications  and  data  bases  needed  to 
control  functions  at  its  level.  Additionally,  within  Tiers  Three  and 
Four,  a  local  area  network  (LAN)  concept  will  be  used  where  each  node, 
consisting  of  a  mini-  or  micro-computer,  within  a  tier  will  function 
independently  of  each  other. 
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o  Tier  One  -  DSDCC ■  At  this  highest  level,  the  central  processor  will 
coordinate  plant  wide  applications  such  as:  roaster  schedule,  inventory 
control,  cost  accounting,  GAD/CAM,  process  planning  and  the  Management 
Information  System. 

o  Tier  Two  -  Work  Center.  At  the  Tier  Two  level,  centralized  computer 
within  the  center  will  coordinate  such  work  center  applications  as: 
production  scheduling,  automated  material  handling,  QA  scheduling  and 
part  identification. 

o  Tier  Three  -  Work  Cell.  The  primary  function  of  Tier  Three  is  shop 
floor  control.  A  Local  Area  Network  (LAN)  consisting  of  a  network  of 
mimi-  and  micro-computers  with  the  following  nodes:  receiving  and 
storage,  plastics  fabrication,  composite  laminate,  cure  process,  part 
drill  and  rout,  and  inspection  will  assign  the  work  scheduled  in  Tier 
Two  to  the  correct  machine  and  employee. 

o  Tier  Four  -  Station.  This  tier  consists  of  the  machine  controller  and 
operator  stations.  The  process  controller  passes  information  regarding 
the  parts  to  be  manufactured.  Information  is  monitored  and  collected 
automatically  on  a  real-time  basis. 

o  System  Software  -  The  heart  of  this  network  configuration  will  be  a  data 
dictionary  and  data  base  management  system.  The  dictionary  will  help 
define  the  points  of  interface  and  data  requirements.  The  data  base 
management  system  will  coordinate  the  backend  processor.  It  will  require 
a  data  base  server  to: 

-  Coordinate  concurrent  access  to  a  given  file  from  multiple  requestors 

-  File  sorting 

-  Catalog  management 

-  Archiving 

-  Index  searching 

Improved  procedures  are  needed  to  effectively  translate  system 
requirements  into  software  designs  while  integrating  them  with  other  tasks. 

Other  systems  necessary  to  implement  the  Integrated  Composite  Center  are: 

-  Detail  Process  Planning  Subsystem 

-  Scheduling  and  Budgeting  System 
Production  Planning  Control  System 

-  Material  Requirements  Planning  System 

-  Capacity  Requirements  Planning  System 

-  Requirement  Release  System 

-  Data  Collection  System 
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-  Information  Analysis  System  ,  - 

Inspection  System 

-  Nonconforming  Hate rials  System 

o  Human  Factors  -  User  training  on  the  system  will  be  provided  as  required 
by  job  classification.  Direct  users  will  interface  the  system  for  the 
purpose  of  entering  and  receiving  data.  Indirect  users  will  require 
information  for  planning,  forecasting,  measuring  performance,  tracking  and 
cost  analysis. 

3. 3. 8. 3. 4  General  Electric’s  Integrated  Composite  Center 

At  General  Electric,  the  integration  of  composite  production  with  the 
fabrication  and  final  assembly  centers  is  the  responsibility  of  the  factory 
level  control  centers  function.  Figure  3-32,  Control  Centers  Environment, 
illustrates  how  the  control  centers  would  evaluate  a  situation  and  make  the 
necessary  schedule  adjustments  on  a  problem  requiring  a  change  of  schedule. 

The  control  center  function  is  in  a  position  to  place  the  correct  priority  on 
different  aspects  of  the  problem  as  to  its  relationship  with  other  problems 
which  might  coexist. 

This  control  center  has  the  capability  to  determine  fabrication 
requirements  to  support  schedule  changes  and  to  determine  any  metal  parts 
required  and  to  schedule  these  requirements  from  the  machining  center. 

Figure  3-33,  Planned  Composite  Production,  shows  the  planning  of  orders 
for  assemblies  and  detail  parts  to  be  produced  in  the  composite  stations.  The 
planning  activity  is  performed  at  the  center  level. 

A  complete  definition  of  General  Electric’s  Plan  Composite  Production, 
(Control  Composites  Planning  and  Production  Control  Composite  Stations)  may  be 
found  in  Appendix  D,  System  Design  Specification  (SDS110511C00)  dated  28 
February  1983. 

3 . 3 . 8 . 4  Produce  **TO-BE"  Integrated  Composite  Center  System  (WBS  4. 3. 8. 4) 

In  response  to  Task  E,  WBS  4. 3. 8. 4  Produce  "TO  BE"  Integrated  Composite 
Center,  the  models  and  analytical  results  of  the  ICC  Preliminary  Design  effort 
were  compiled  and  documented  in  the  "TO  BE"  ICC  System  Design  Specification. 
The  quantified  benefit  parameters  of  the  "TO  BE”  design  were  included  in  this 
document  as  well  as  how  the  definition  of  this  design  satisfied  the  identified 
system  requirements.  The  System  Design  Specification  document  also  included 
three  site  specific  designs  as  well  as  the  design  of  a  generic  ICC.  This  WBS 
item  was  published  as  report  number  SDS110511000,  entitled  System  Design 
Specification  on  28  February  1983. 
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3 . 3 . 8 . 5  Conceptualize  and  Document  Integrated 
Configuration  (WBS  4.3.S.5) 


noslte  Center  System 


This  document  contains  the  conceptualized  implementation  strategy  for  the 
Integrated  Composites  Center.  It  describes  the  concepts,  criteria,  standards, 
tools  and  strategies  for  implementing  the  system  and  details  specific  steps 
necessary  to  implement  this  composites  technology  into  new  or  existing 
production  facilities.  This  document  includes  implementation  plans  for  a 
generic  ICC  as  well  as  for  the  specific  sites  of  Horthrop,  Vought  and  General 
Dynamics . 


The  Implementation  Strategy  Plan  addresses  all  of  the  implementation 
activities  and  specific  steps  required  for  a  generic  Integrated  Composites 
Center  to  emerge  from  a  "green  field."  It  discusses  each  of  the  Configuration 
Items  that  impact  the  "TO  BE"  ICC.  These  Configuration  Items  are: 


o  Composite  laminating  cell 
o  Composite  bagging  cell 
o  Composite  curing  cell 
o  Composite  trim  and  drill  cell 
o  Composite  test  and  inspection  cell 
o  Composite  subassembly  cell 
o  Composite  rework  cell 
o  Tool  preparation  and  quick-fix  cell 
o  Material  handling  system 
o  Design/develop  composite  structures 
o  Composites  management  system. 


Figure  3-34  is  a  block  diagram  of  the  major  cells/system  Which  must  be 
implemented  for  the  generic  ICC.  Figure  3-35  is  a  block  diagram  illustrating 
the  implementation  items  for  the  laminating  cell.  Once  the  generic  ICC  system 
design  specification  has  been  developed  and  approved,  tasks  to  convert  it  into 
an  operating  functional  organization  can  be  performed  on  both  the  cells  and 
systems. 

The  Implementation  Plan  Strategy  provides  a  generalized  framework  of  tasks 
stated  in  terms  of  generic  cells/system,  configurated  items  and  job  titles. 

It  includes  the  various  steps  that  convert  a  system  design  into  an 
operaetional  system.  A  general  outline  of  the  Implementation  Plan  Concepts  is 
shown  in  Figure  3-36 . 

The  Implementation  Plan  will  document  the  following  items: 

o  What  specification  items  and  task  are  to  be  undertaken 
o  In  what  sequence  (timeframe)  will  which  tasks  occur 
o  What  specific  cell/system  is  responsible  for  performing  the 
implementation  task 

o  What  type  of  system  testing  is  required 
o  How  will  roanager/non-manager  training  be  conducted? 
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Block  Diagram  of  Ihe  Cells/Zyslems  that  are  to  be 
Implemented  in  the  Generic  Integrated  Composites  Center 


/ 


3-110 


PTR110510000U 
29  June  1954 


MASl 

PL AN/CONCEPTS 

CONTRIBUTION 

DCS  16* 

• 

SYSTEM  DESIGN 

0 

IMPLEMENTATION  plan 

0 

OBJECTIVE 

AMO 

•  DIAGNOSTIC 

-  SCHEDULES 

• 

STRUCTURE 

PUN 

.  GENERAL  BUSINESS  ISSUES 

-  TASKS 

0 

commitment 

-  Emriiomcin 

-  RESPONSIBILITIES 

0 

MEASUREMENT 

iwuwwr 

• 

PARTICIPATION 

• 

PROCEDURES 

-  cucurm 

.  MANUAL 

• 

ctm*i CAT  IONS 

i 

-  PROJECT  R(VIE*  TEAM 

-  AUTOMATIC 

0 

USE*  INPUTS 

-  FUNCTIONAL  IMPLEMENTATION 

.  CELLS/ SYSTEMS 

e 

COORDINATION 

TEAMS 

0 

DIRECTION 

0 

UNDERSTANDING 

0 

TRAINING 

0 

TESTING 

0 

LEADERSHIP 

-  COURSE  DEVELOPMENT 

-  ACCEPTANCE 

0 

RESPONSIBILITY 

-  MXAOWNT/ieM-HANAGOtfKT 

-  FUNCTIONAL 

.  EVALUATION 

-  INTEGRATION 

s 

com*  ot 

0 

INSTALL AT I ON/ INTEGRATION 

0 

DOCUMENTATION 

0 

SUSTAINABILITY 

! 

and 

-  START  OPERATION 

-  CELLS 

0 

MAINTENANCE 

MAINTAIN 

-  EVALUATION 

•  systems 

o 

measurement 

\ 

-  OPERATIONAL  PHASE 

-  INTERFACES 

e 

AUDIT 

4 

e 

TRACKING 

) 

0 

PERFORMANCE 

Figure  3-36  Implementation  Plan/Concepts 
3-112 


FTR110510000U 
29  June  1984 


Because  the  autoclaves  and  refrigeration  units  are  extremely  difficult  to 
move,  consideration  of  their  permanent  location  must  take  place  early  in  the 
preliminary  design  of  the  ICC.  Other  equipment  can  be  moved  and  is  not  as 
constrained  as  these  two  items.  Implementation  activities  required  to 
complete  the  preliminary  design  of  the  "TO  BE”  ICC  are: 

o  Procurement 

o  Site-preparation  and  facilities 
o  Installation  of  laminating  cell 

o  Installation  of  bagging  cell 

o  Installation  of  curing  cell 

o  Installation  of  trim  and  drill  cell 

o  Installation  of  test  and  inspection  cell 

o  Installation  of  subassembly  cell 

o  Installation  of  rework  cell 

o  Installation  of  tool  prepared  and  quick-fix  cell 
o  Installation  of  material  handling  system 

o  Installation  of  design/planning  interface 

o  Installation  of  the  generic  ICC  Management  System. 

The  Implementation  plan  Strategy  document  (IP110511000)  dated  31  October 
1983  was  submitted  to  the  Air  Force  on  31  October  1983  defines  all  the 
subtasks  involved  under  the  thirteen  items  listed  above  (the  reader  is 
referred  to  Volume  III  Part  10  of  this  report). 

NORTHROP  *  S  IMPLEMENTATION  PLAN  STRATEGY 


Northrop 's  Implementation  Plan  Strategy  address  specific  implementation 
steps  to  be  taken,  responsible  organizations  and  planned  time-phasing.  It 
identifies  and  minimizes  risks  prior  to  implementation.  The  ”TO  BE"  system 
will  develop  through  a  series  of  phases. 

o  Phase  Zero  -  Detail  design,  construction,  test 
o  Phase  One  -  Facilities  preparation 
o  Phase  Two  -  System  conversion 

o  Phase  Three  -  Organizational  and  procedural  changes 
o  Phase  Four  -  Training 

o  Phase  Five  -  System  installation  and  performance  monitoring 

Northrop  has  chosen  a  3-level  strategy  for  its  ICC  development  and 
execution.  This  conceptual  structure  is  shown  in  Figure  3-37.  Figure  3-38 
illustrates  Northrop* s  3-tier  organizational  structure  which  will  be  used  to 
manage  the  implementation  of  the  system. 

Northrop  intends  to  use  each  of  its  three  divisions'  (Northrop  Aircraft, 
Northrop  Advanced  System,  Northrop  Ventura)  sites  to  study  the  cells  and 
system  to  be  implemented.  Those  with  the  greatest  potential  will  be  selected 
for  ICC  development. 
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Figure  3-37  Three  Level  Implementation  Strategy 
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The  ICC  project  team  will  develop  a  facility  plan  which  will  identify  the 
site  location,  computers,  equipment,  communications  network  and  fixtures  to  be 
installed.  It  will  also  establish  appropriate  time  tables  and  resource 
requirements. 

Northrop  has  developed  a  logical  schedule  of  a  transition  plan  to  convert 
its  "AS  IS"  composites  manufacturing  system  to  its  "TO  BE"  system.  This 
schedule  is  shown  in  Figure  3-39.  It  identifies  all  the  activities  which  must 
take  place  from  preparing  the  ICC  facility  to  the  dismantling  of  the  old 
system.  Each  of  these  items  is  explored  in  detail  in  Appendix  A  of  the 
IP110511000  document  of  31  October  1983. 


VOIICHT  *  S  IMPLEMENTATION  PLAN  STRATEGY 


Vought's  ICC  Implementation  Plan  is  a  generalized  framework  that  provides 
a  roadmap  for  implementation  and  makes  a  clear  statement  of  priorities.  This 
plan,  shown  in  Figure  3-40,  is  organized  in  three  phases.  Each  phase  is 
broken  down  into  tasks  to  focus  attention  on  the  items  which  have  the  greatest 
impact.  It  also  provides  a  tentative  schedule  for  the  tasks  to  be 
accomplished  in  order  to  implement  a  near-term  system. 

This  plan  is  based  on  the  ICC  as  described  in  the  Development 
Specification  document  and  uses  the  facilities  and  major  equipment  currently 
in  place  at  Vought.  The  approximate  time  frame  for  scheduling  the  tasks  under 
each  cf  the  phases  will  be  revised  to  include  more  detail  as  the  detail 
designs  are  finalized. 

Each  of  these  scheduled  items  is  discussed  in  detail  in  Appendix  B  of  the 
IP110511000  document  of  31  October  1983. 

GENERAL  DYNAMICS  IMPLEMENTATION  PLAN  STRATEGY 


The  System  Specification  document  provided  the  basic  strategy  for 
developing  the  ICC  at  General  Dynamics.  The  System  Design  Specification 
expanded  that  scope  by  identifying  the  individual  necessary  technologies  and 
showing  how  they  will  interact  within  the  ICC  systems.  The  Development 
Specification  identified  those  systems  and  technologies  that  needed 
development  prior  to  their  implementation.  The  System  Test  Plan  provided  a 
strategy  for  testing  all  of  the  systems  technologies  that  were  to  be 
implemented  in  General  Dynamics  ICC. 

Figure  3-41  illustrates,  in  outline  form,  the  overall  schedule  of  the 
implementation  and  an  item  description,  in  chronological  order,  of  the  systems 
and  technologies  being  implemented.  All  implementation  will  be  accomplished 
through  the  coorindation  and  cooperation  of  the  affected  departments.  Sheet  2 
of  Figure  3-41  is  an  eywnple  of  the  tasks  to  be  accomplished  Who  has  the 
responsibility  for  accomplishing  each  task,  date  of  start  and  completion  and 
pertinent  comments  concerning  each  task. 
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3. 3. 8. 6  Establish  Integrated  Composites  Center  System  Test  Plan  (WBS  4. 3. 8. 6) 

This  document  describes  the  concepts,  criteria,  standards,  tools  and 
strategies  Cor  testing  the  ICC  at  the  cell  or  system  level,  the  plan  includes 
the  Development  Testing  and  Evaluation  (DT&E)  of  the  system  as  well  as 
strategies  for  installation,  checkout  and  technical  demonstrations.  It  also 
addresses  the  validation  of  the  users,  operators,  and  maintenance  manuals. 

The  plan  describes  the  types  of  tests  to  be  conducted,  basic  test 
sequences  and  the  broad  test  objectives  required  to  fulfill  ICAM  Documentation 
Standards  and  to  maintain  continuity  with  previous  submitted  documents. 

The  System  Test  Plan  for  the  ICC  Preliminary  Design  Concepts  (generic  ICC) 
is  a  general  plan  encompassing  each  of  the  eleven  major  Configuration  Items 
(CIs)  and  significant  subordinate  configuration  items  which  were  presented  in 
the  System  Specification  (SS).  It  is  based  on  the  requirements  delineated  in 
the  System  Requirements  Document  (SRD) .  A  design  strategy  for  each 
configuration  item  was  presented  on  the  System  Design  Specification  (SDS). 
Hardware  and  software  specifications  were  defined  in  the  Development 
Specification  (DS). 

The  eleven  Configuration  Items  presented  in  the  Test  Plan  are: 

o  Composite  laminating  cell 
o  Composite  bagging  cell 
o  Composite  curing  cell 
o  Composite  trim  and  drill  cell 
o  Composite  test  and  inspection  cell 
o  Composite  subassembly  cell 
o  Composite  rework  cell 
o  Tool  preparation  and  quick-fix  cell 
o  Material  handling  system 
o  Design /develop  composite  structure 
o  Composites  management  sy.ntem 

Figure  3-42  illustrates  the  Configuration  Item  Test  flow  and  Figure  3-43 
shows  a  Functional  Test  Flow.  Figure  3-44  shows  a  block  diagram  identifying 
the  major  cells  and  systems  in  the  ICC. 

The  primary  objective  of  the  System  Test  Plan  was  to  determine  if  the  ICC 
system  could  fabricate  and  build  composite  laminates  or  subassemblies  that 
meet  or  exceed  design  requirements.  Also,  various  manuals  would  be  developed 
during  the  Preliminary  Design  Phase  and  continually  updated  through  the  entire 
ICAM  Life  Cycle.  These  manuals  are  prepared  by  the  vendor/ supplier  to  provide 
relevant  information  on  delivered  hardware  items.  The  Users'  Manual  is  a 
primary  reference  document  describing  the  developed  functions  in  basic 
user-oriented  terminology.  The  Operators'  Manual  is  a  computer  software 
document  describing  the  commands  of  all  the  operating  systems  for  both  the 
cells  and  the  composite 
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Figure  3-4?  Configuration  Item  Test  Flow 
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Figure  3-43  Functional 
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Figure  3-44  Block.  Diagram  of  Test  Program  for  Generic  ICC 
by  Prime  Configuration  Items  (Not  to  Scale) 
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Management  system.  The  Maintenance  Manuals  provide  technical  information  for 
understanding  the  configuration  item,  the  operating  environment  and  preventive 
maintenance  procedures. 

The  System  Test  Plan  Strategy  (STP110511C00)  dated  31  August  1983 
submitted  to  the  Air  Force  describes  in  depth  specific  test  plans  for  the 
major  configuration  items  listed  at  the  beginning  of  this  paragraph  and 
illustrated  ij.  Figure  3-44.  The  reader  interested  in  details  is  referred  to 
Volume  3,  Part  8  of  this  report. 

3 . 3 . 8 . 7  Produce  Conf iguration  Item  Identification  (UBS  4. 3. 8. 7) 

The  Development  Specification  decomposes  specific  configuration  items’ 
requirements  to  a  level  sufficient  to  enable  the  evolutionary  development  of  a 
detail  design.  It  also  identifies  interfaces  that  will  be  accommodated  by  the 
subsequent  design  of  the  configuration  item. 

The  preliminary  Development  Specification,  document  number  110511000, 
which  was  submitted  to  the  Air  Force  on  30  June  1983,  was  published  as  two 
separate  documents.  The  basic  book  describes  specifications  for  a  generic 
Integrated  Composites  Center.  The  second  document,  in  the  form  of  Appendices, 
contains  specific  information  concerning  Northrop’s,  Vought’s  and  General 
Dynamics  ICC.  In  addition,  the  Appendices  contain  General  Electric's  Plans 
and  Control  Composites  and  It's  Relationship  to  Control  Centers. 

The  basic  book  details  the  following  information: 

o  The  functional  requirements  for  each  Configuration  Item  as  extracted 
from  the  System  Design  Specification 

o  The  performance  requirements  that  will  normally  be  verified  during  the 
testing  phase 

o  The  physical  characteristics  that  each  Configuration  Item  should  exhibit 

o  The  principal  interfaces  between  the  Configuration  Item  being  specified 
and  other  Configuration  Items  with  which  it  must  be  compatible 

o  The  design  constraints  that  each  Configuration  Item  must  adhere  to  in 
order  to  satisfy  the  preliminary  design  requirements. 

The  specifications  for  each  Configuration  Item  are  the  results  of  the 
investigation  analysis  performed  for  the  System  Requirements  Document,  the 
feedback  generated  by  the  System  Requirement  Review,  the  elaboration  and 
validation  of  these  requirements  as  presented  in  the  System  Specification  and 
the  design  strategy  conceptualized  in  the  System  Design  Specification. 

Northrop  established  certain  major  groundrules  to  provide  the  foundation 
of  the  Development  Specification.  They  were: 

o  The  ICC  will  use  only  fiberglass,  Kevlar  and  carbon  or  graphite  fibers 
with  expoxy,  polyimide  and  bismalermide  matrices  as  composites 
materials  and  hybrids 

o  Bagging  will  continue  to  be  required 
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\  0  The  autoclave  or  similar  heat/pressure  vessels  will  be  the  principle 
curing  medium  for  primary  aircraft  structures 
o  Ho  substantial  reduction  in  trimming  and  drilling  will  occur 
o  There  will  be  no  appreciable  degradation  of  the  role  played  by  quality 
assurance. 

o  Increased  emphasis  will  be  placed  on  the  manner  a  cure  composite  part 
is  handled 

o  Quality  of  work  life  will  be  present  at  ICG  startup 
o  Shop  floor  and  manufacturing  control  systems  will  grow  in  importance 
o  Fiber-reinforced,  metal-matrix  composites  are  excluded  from 

consideration  because  of  their  current  sensitivity  with  respect  to 
applications  and  processing  technology 
o  Final  assembly  or  installation  of  a  component  or  structure  on  an 
airframe  is  not  considered  part  of  the  ICC. 

The  ICC  coalition  concentrated  on  eleven  cells  or  systems  (Configuration 
Items)  that  encompass  the  entire  gamut  of  composite  fabrication  and 
subassembly.  The  major  Configuration  Items  are  shown  in  Figure  3-44.  Each  of 
these  items  have  subordinate  CIs.  Figure  3-45  illustrates  a  process  flow 
diagram  for  the  ICC  with  emphasis  placed  on  the  Composites  Management  System. 

In  this  Development  Specification,  the  coalition  examines  the  major 
benefits  to  be  derived  from  implementing  the  ICC.  They  are  twofold.  The 
first  being  the  optimum  use  of  scarce  resources  in  the  areas  of  facilities, 
labor,  capital  equipment,  raw  materials  and  management  ability.  The  second  is 
in  the  production  of  composite  structures  that  are  cost  competitive  and  embody 
structural  integrity. 

In  addition  to  these  advantages,  there  are  also  several  drawbacks  to  the 
ICC,  such  as: 

o  The  inherent  risks  associated  with  implementing  unproven  technologies 
o  The  inability  to  accurately  estimate  or  forecast-  costs  of  brick  and 
mortar  and  limited  off-the-shelf  technologies  superimposed  on 
over-the-horizon  technologies 

o  The  possibility  of  insufficient  manufacturing  flexibility 
o  The  risks  associated  with  making  engineering  acceptable  parts  with  "TO 
BE”  technologies. 

The  major  system  requirements  presented  in  the  System  Specification 
Document  have  been  transferred  into  individual  Configuration  Items  (Figure 
3-46)  representing  both  cells  and  systems  indigenous  to  the  ICC.  These 
Configuration  Items  are  fully  developed  and  described  in  the  Development 
Specification,  DS110511000,  30  June  1983.  Each  of  the  major  CIs  have 
subordinate  CIs  which  are  delineated  to  the  maximum  extent  possible  in 
DS110511000.  For  precise  design  details,  the  reader  is  referred  to  Volume  3, 
Part  9. 

For  the  purposes  of  this  final  report,  only  a  brief  description  of  each  Cl 
is  provided  in  the  following  paragraphs  together  with  an  illustration  which 
depicts  major  breakouts  under  each  item. 
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Plfcuro  3-45  Process  Plow  Diagram 
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Figure  3-46  Specification  Tree  Indicating  the  Major  Configuration  Items 
in  the  “TO  BE”  Integrated  Composites  Center 
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Figure  3-46  Specification  Tree  Indicating  the  Major  Configuration  Items 
in  the  "TO  BE"  Integrated  Composites  Center  (Continued) 
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Laminating  is  the  process  by  which  a  composite  detail  part  or  structural 
component  is  fabricated  or  formed  via  the  placement  or  build-up  of  one  lamina 
(a  single  ply  or  fiber)  superimposed  on  another  until  the  required  density  is 
achieved.  The  Development  Specifications  for  the  "TO  BE”  laminating  cell 
includes  the  ability  to  accommodate  various  composite  materials  to  fabricate 
and  subassemble  many  different  parts,  structures  and  shapes  for  both 
fighter-type  and  transport-type  aircraft.  Figure  3-47  presents  a  generic 
laminating  cell  which  exhibits  all  of  the  laminating  techniques  that  are  to  be 
resident  in  that  cell.  Figures  3-48  and  3-49  illustrate  the  breaV  out  of 
subitems  within  the  main  configuration  item  1.0. 
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Figure  3-49  Ply  on  Ply  Configuration  Items 
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Composite  Banning.  Cell  (Conf inuratlon  lien  2-0) 

Bagging  is  the  process  by  which  an  airtight  membrane  is  placed  over  the 
completed  laminate  or  subassembly  allowing  a  vacuum  to  be  pulled  and  external 
heat  and  pressure  to  be  applied.  Material  employed  for  this  operation  is 
nylon  film  (or  comparable  material)  disposable  bsgs  or  reusable  silicone 
rubber  bags.  Figure  3-50  illustrates  a  specification  tree  that  identifies  the 
major  Configuration  Items  which  are  resident  in  the  Bagging  Cell. 


Figure  3-50  Specification  Tree  of  the  Bagging  Cell 
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Composite  Curing  Cell  (Configuration  tieia  3.0) 

After  the  laminate  has  been  bagged  on  its  curing  or  bonding  fixture  in  the 
bagging  cell,  it  is  moved  to  the  cure  staging  area.  It  is  the  function  of  the 
curing  cell  to  subject  the  bagged  component  to  lieat  and  autoclave  (or  vacuum) 
pressure.  The  heat  may  be  generated  by  an  oven  (a  vessel  that  provides  heat 
by  convection),  by  an  autoclave  which  provides  both  heat  and  pressure  or  by 
other  heat/pressure  vessels.  This  curing  process  allows  the  organic  matrix  to 
gel  and  set.  A  post-curing  process  may  also  lie  within  the  curing  cell  to 
enhance  the  structural  properties  in  the  laminate  or  subassembly.  Figure  3-51 
Identifies  the  major  configuration  items  within  the  curing  cell. 
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Figure  3-51  Specification  Tree  -  Curing  Cell 
3-134 


l  i~i  wL  ii 


S' 


j  V 


\ 


****** **10**!*+*!**** **»  _ . . 


rTHllOSlOOOOU 
29  June  1984 


rr  Composite  Trim  and  Prill  Call  ( Configuration  Item  4.0) 

After  the  cured  composite  laminate  is  removed  from  the  curing  cell.  It  is 
transported  to  the  Trim  and  Drill  Cell.  Within  the  trim  and  drill  cell, 
excess  composite  material  will  be  removed.  Cutouts  may  also  he  required  to 
accommodate  additional  detail  parts  for  consolidation  into  the  subassembly 
cell.  In  addition  to  peripheral  trimming,  hole  preparation  occurs  in  this 
cell.  These  hole  preparations  will  primarily  include  drilling, 
countersinking,  reaming  and  counterboring.  Figure  3-52  identifies  the  major 
configuration  items  within  the  trim  and  drill  cell. 
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Figure  3-52  Specification  Tree  -  Trim  and  Drill  Cell 
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T— t  and  Inspection  Call  (Configuration  item  S.O) 

The  Test  and  Inspection  Cell  will  perform  initial  receiving  and  inspection 
teats  on  incoming  raw  material  to  ensure  it  was  shipped  in  the  right 
environment  and  that  is  meets  all  specifications  of  the  purchase  order.  The 
primary  activities  of  this  cell  will  be  nondestructive  testing,  nondestructive 
evaluation,  and  nondestructive  inspection  to  ensure  the  structural  integrity 
of  the  composite  structure  and  to  identify  structures  that  require  rework. 
Figure  3-53  identifies  the  major  configuration  items  within  the  test  and 
inspection  cell. 
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Figure  3-53  Specification  Tree  -  Test  and  Inspection  Cell 
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Composite  Subassembly  Cell  (Configuration  Item  6.0) 

The  function  of  the  subassembly  cell  is  to  join  or  combine  two  or  more 
detail  parts  to  produce  a  hi.gher  level  or  more  complex  structure,  i.e.,  a 
subassembly.  Typical  detail  parts  would  include  all  types  of  honeycomb* 
various  metallic  parts  and  cured  composite  parts  and  laminates.  The 
operations  or  processes  would  primarily  center  around  the  adhesive  bonding  and 
mechanical  fastening  activities.  Figure  3-54  identifies  the  major 
configuration  items  within  the  subassembly  cell. 


Figure  3-54  Specification  Tree  -  Subassembly  Cell 
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aslte  Structure  Rework  Cell  (Configuration  Item  7.0) 


The  part  rework  ceil  has  the  function  of  bringing  laminates,  detail  parts 
and  subassemblies  that  have  been  rejected  up  to  standard  for  subsequent  buyoff 
in  the  test  and  inspection  cell.  Major  problems  in  laminates  will  be  edge 
delaminations  or  disbands  and  surface  scratches,  reworking  voids  and 
attachment  holes.  This  cell  could  be  construed  as  one  that  does  customized 
work  since  no  two  reworks  will  be  exactly  the  same.  The  amount  of  work 
flowing  through  this  cell  depends  upon  how  good  or  how  bad  other  cells  in  the 
center  are  functioning.  Figure  3-55  identifies  the  major  configuration  items 
within  the  structure  rework  cell. 
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Tool  Preparation  and  Quick-Fix  Cell  (Configuration  Item  8.0) 

The  tool  preparation  and  quick-fix  cell  focuses  on  repairing  minor 
discrepancies,  engaging  in  preventive  maintenance  and  preparing  the  tool  for 
positioning  in  the  queue  for  lay  up  in  the  laminating  cell  or  moving  it  to 
tool  storage  for  use  at  some  later  date.  Cured  part  removal  from  the  tool  is 
performed  by  this  activity.  They  are  also  responsible  for  maintaining  the 
vacuum  fittings  and  thermocouple  wires  used  in  the  curing  cell.  This  cell 
validates  the  tool  as  to  tolerance  checks,  leak  checks,  and  surface 
preparation.  It  interfaces  with  all  cells  in  the  center  that  have  an  impact 
on  tooling.  Figure  3-56  identities  the  major  configuration  items  within  the 
tool  preparation  and  quick-fix  cell. 


Figure  3-56  Tool  Preparation  and  Quick-Fix  Cell 
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•  Material  Hand  Him  System  (Configuration  Item  9.01 

The  material  handling  system  is  responsible  for  moving  composite  material 
from  the  loading  dock  into  the  refrigeration  units  in  the  laminating  cell. 

This  system  also  inventories  and  retrieves  all  consumables  associated  with  the 
production  of  composite  structures.  It  is  concerned  with  the  total  center  and 
not  with  individual  cell  handling  systems  and  interacts  with  the 
satellite-material  systems  of  each  cell.  Figure  3-57  identifies  the  major 
configuration  items  within  the  material  handling  system. 
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Figure  3-57  Specification  Tree  -  Material  Handling  System 
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Dee Inn  Composite  Structure  {Configuration  Item  10.01 

Tho  design  composite  structure  cell  will  use  automated  design  tools  to 
design  the  lsyup  tools  used  in  the  ICC,  particularly  the  laminating  cell.  The 
major  considerations  in  the  design  and  fabrication  of  tooling  for  composite 
parts  are  targeted  at  control  of  fiber  orientation;  the  contour  and  size  of 
the  part;  the  location  of  the  pert  in  the  assembly;  and  maintenance  of 
dimensional  tolerance  control.  Some  design  tools  for  the  design/manufacturing/ 
quality  assurance  interface  are: 

o  Computer-aided  design 
o  Computer  graphics 
o  The  linkage  of  CAD/CAH 
o  Computer-aided  lofling 

o  The  tie  in  with  CAD  to  programs  similar  to  HASTHAN 

Figure  3-58  identifies  the  major  configuration  items  within  the  design 
composite  structure.  Figure  3-59  illustrates  the  complex  engineering/ 
manufacturing/quality  assurance  interface  network. 


Figure  3-58  Specification  Tree  -  Design  Composite  Structures 
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Figure  3-59  Engineering/Manufacturing/Quality  Assurance  Interface  Network 
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Composites  Management  System  (Configuration  Item  11.0) 

The  composites  management  system  is  the  mechanism  where  .the  production 
requirements  and  the  resources  controlled  by  the  ICC  are  effectively  joined. 
This  system  also  provides  a  "look  ahead"  capability  to  avoid  or  minimize 
potentially  costly  imbalances  between  production  requirements  and  available 
resources.  The  system  provides  computer-based  support  to  the  following 
functions: 

o  Planning 
o  Scheduling 
o  Controlling 
o  Communicating 
o  Quality  assurance 
o  Performance  measurement 
o  decision-making  support 
o  Maintenance  of  operations 
o  Performance  improvement 

o  Providing  feedback  information  to  system  external  to  the  ICC. 

Figure  3-59  identifies  the  major  high-level  configuration  items  within  the 
composites  management  system.  Figure  3-60  shows  these  same  seven 
configuration  items  placed  within  a  systems-oriented  framework.  As  the  design 
shows,  the  system  contains  a  subset  of  the  factory  systems. 


Figure  3-60  Specification  Tree  -  ICC  Management  System 
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Figure  3-61  Composite  Management  System  Modules 
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QUALITY  ASSURANCE 

Quality  Assurance  for  composite  components  must  include  two  major 
elements:  (1)  assurance  that  the  product  design  will  achieve  its  many 

requirements,  and  (2)  assurance  that  the  ICC  will  closely  control  the 
production  of  all  characteristics  which  affect  the  end  result  of  the  product. 

The  first  element  is  generally  covered  by  the  engineering  organization 
during  the  design  phases  of  product  development  using  inputs  from  marketing, 
manufacturing  quality  assurance,  service  organizations,  and  customer 
representatives . 

The  second  element  converns  the  function  of  meeting  the 
specifications/tolerances  associated  with  each  characteristic.  It  becomes 
obvious  that  the  greater  the  importance  of  the  characteristic  and/or  the  less 
ability  of  the  shop  to  meet  the  specifications,  the  greater  the  need  exists  to 
control  the  characteristic  by  some  other  means. 

One  workable  system  is  to  reduce  both  factors  to  a  numerical  scale.  Kach 
factor  is  then  rated  on  a  scale  from  1  to  10.  A  high  relative  importance 
combined  with  a  low  ability  to  meet  specifications  results  in  a  high  need  for 
control  and  the  converse  situation  would  indicate  a  low  need  for  control. 

Marketing,  product  service,  design  engineering,  manufacturing  engineering, 
quality  assurance  and  shop  personnel  working  jointly  can  suggest  various 
methods  to  assure  control  when  the  need  for  control  is  high  and  also  arrive  at 
a  cost-effective  and  quality-effective  solution. 

As  a  1  ast  resort,  additional  or  continued  inspection  and  test  procedures 
may  be  called  for  ontil  adequate  process  controlsd  can  be  put  in  place. 

DEVELOPMENT  SPECIFICATION  APPENDICES 

As  part  of  the  Task  E,  Produce  Configuration  task,  the  coalition  developed 
a  separate  volume  of  Appendices  which  contains  specific  Development 
Specifications  for  Northrop's,  Vought’s  and  General  Dynamics’  Integrated 
Composites  Center.  In  addition,  this  volume  also  contains  an  Appendix  D, 
which  was  General  Electric's  input  on  "Plan  and  Control  Composites  and  Its 
Relationship  to  Control  Centers." 

These  appendices,  specific  to  Northrop,  Vought  and  General  Dynamics, 
establish  ICC  Systems  Design  Parameters,  Configuration  Items,  Alternative 
Design  Concepts,  Subsystem  Development  Specifications  and  Quality  Assurance. 

General  Electrics  portion  envisions  composites  as  a  complete  "factory” 
accepting  "orders”  (in  the  form  of  a  schedule)  for  composite  assemblies. 

Their  approach  facilitates  the  planning  and  control  of  composites  assemblies. 

These  four  Appendices  (A,  B,  C  and  D)  were  submitted  as  part  of  the 
DS110511000  document  which  was  submitted  to  the  Air  Force  for  approval  on  30 
June  1983. 
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3.4  Ouelity  Assurance/Oualltr  Control/Technical  Requirements/Tasks  (Task  0.) 

The  assurance  of  Quality  cuts  across  the  entire  life  cycle  of  an  aerospace 
product  -  from  initial  concept,  through  design,  pre-production,  production  and 
use.  To  provide  this  assurance,  a  quality  plan  must  be  produced  to  ensure 
that  the  quality  requirements  will  be  met  throughout  the  product  life  cycle. 
Since  the  quality  of  the  design  has  a  significant  impact  on  the  quality  of  the 
product.  Engineering  and  Quality  must  interact  closely  during  the  design  phase 

Similarly,  Manufacturing,  Design  and  Quality  must  interact  during  the 
pre-production  phase.  During  the  production  phase,  the  quality  plan  is  used 
to  ensure  that  the  raw  materials,  components ,  and  subassemblies  are  being 
transformed  into  acceptable  parts.  Finally,  Quality  must  monitor  field 
performance  during  the  "use  and  maintain"  phase  of  the  life  cycle  This  data 
(as  well  as  other  Quality  Information)  is  used  to  provide  feedback  to  aid  in 
evaluating  QA/QC  effectiveness,  reliability  and  maintainability. 

General  Electric  Company,  as  part  of  the  Vought,  Northrop,  General 
Dynamics  coalition,  was  responsible  for  accomplishing  Task  D.  SofTech,  Inc. 
also  provided  additional  support  for  this  task. 

Task  D  had  three  broad  objectives: 

o  The  understanding  of  today’s  "AS  IS"  QA/QC  environment 

o  The  transferring  of  technology 

o  The  developing  of  a  recommended  Product  Assurance  Program  Management 
Standard  for  the  Factory  of  the  Future. 

Understanding  Today’s  ”AS  IS"  QA/QC  Environment  -  The  objective  of  this  task 
included  establishing  an  "AS  IS”  QA/QC  architecture  suitable  for  being  used  as 
a  baseline  for  the  QA/QC  requirements  of  Task  B  -  Factory  of  the  Future  and 
Task  C  -  Integrated  Composites  Center.  It  also  included  devising  a  method  of 
incorporating  thr  QA/QC  architecture  into  the  existing  "AS  IS"  manufacturing 
technology. 

Transfer  of  Technology  -  This  objective  included  developing  a  Quality 
Assurance  Manual  which  would  provide  a  standard  approach  for  modeling, 
analyzing  and  improving  the  "AS  IS"  QA/QC  functions  in  industry  as  well  as 
providing  a  technology  transferring  medium. 

Developing  a  Recommended  Product  Assurance  Program  Management  Standard  for  the 
Factory  of  the  Future  -.This  task  included  analyzing  MIL-Q-9858A  and  related 
standards/specifications  for  potential  deficiencies  in  the  automated 
environment  of  the  Factory  of  the  Future.  The  reconmended  Product  Assurance 
Program  Standard  recognizes  integrated  automated  management  and  production 
rystems  applicable  to  the  current  end  future  manufacturing  environments.  This 
approach  is  intended  to  help  pave  the  way  toward  a  paperless  manufacturing 
environment  from  an  integrated  quality  assurance  viewpoint. 
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These  tasks  were  organized  around  developing  structured  graphical  models 
representative  of  QA/QC  functions  performed  in  the  aerospace  industry  which 
could  be  used  as  a  baseline  understanding  for  launching  other  industrial 
quality  technology  projects. 

The  Task  D  objectives  by  work  breakdown  structure  is  shown  in  Figure  3-62. 


Figure  3-62 


Task  D  Objectives  by  WB5 
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The  QA/QC  Project  Plan  and  Schedule  were  established  in  the  Project  Master 
Plan  and  Schedule  (PMP11C510000)  dated  1  January  1982,  the  schedule  revision 
(PMP110510000A)  dated  1  February  1982  and  in  the  15  February  1983  revision 
(PSP110510000B) .  As  part  of  the  Schedule,  subtasks  covering  Understanding  the 
Problem,  Establish  a  QA/QC  Manual  and  Establish  Product  Assurance  Program 
Standard  were  defined  and  a  time  schedule  for  their  accomplishment  was 
established  as  a  series  ef  program  milestones. 

The  scope  of  the  "AS  IS"  QA/QC  environment  as  it  related  to  the  "AS  IS" 
Architectures  of  Manufacturing  (HFGP)  and  Design  (DES0)  was  developed  in 
conjunction  with  the  Project  Master  Plan  and  schedule.  A  "strawman"  IDEF0 
model  <A-0  and  AO  diagrams)  "Assure  Product  Quality"  was  developed  and 
provided  the  basis  for  future  coalition  efforts  in  modeling  their  company 
specific  QA/QC  functions.  The  A-0  diagram  is  illustrated  in  Figure  3-63  and 
the  AO  diagram  is  illustrated  in  Figure  3-64.  As  shown  in  Figure  3-64,  the 
major  activities  of  the  QA/QC  function  are: 

A1  Develop  Quality  Requirements 

A2  Prepare  Quality  Plan 

A3  Provide  QA/QC  Resources 

A4  Perform  Quality  Control 

AS  Evaluate  QA/QC  Effectiveness 


QA/QC  activities  that  are  associated  with  the  life  cycle  of  an  aerospace 
product,  begin  with  the  conceptual  studies  performed  prior  to  responding  to  a 
proposal  and  go  through  to  the  analysis  of  field  data.  In  undertaking  this 
task,  emphasis  was  placed  on  both  the  te.chnical  and  management  issues  of  the 
QA/QC  function.  IDEF0  and  IDEF1  modeling  techniques  were  used  to  assist  in 
understanding  the  "AS  IS"  QA/QC  function  and  its  relationship  to  MFG0,  MFG1, 
DESO  and  DES1. 

Four  specific  documents  were  developed  from  the  results  of  this  WBS  item. 
These  documents  are: 

o  Scoping  Document  which  defined  the  contractual  effort  and  QA/QC 
relationship  to  existing  ICAM  Architectures 

o  System  Environment  Document  which  investigated  various  manufacturing 
"AS  IS"  QA/QC  systems,  developed  integrated  site  specif  ice  and  generic 
IDEF  models  and  established  architecture  interfaces  with  MFG0  and 
DESO.  The  architecture  interfaces  have  been  published  in 
AFWAL-TR-82-4063 ,  Volume  V,  Architecture  Part  III,  Composite  Function 
Model  of  "Manufacturing  Product"  (HFG0) . 

o  Heeds  Analysis  Document  -  which  investigated  various  manufacturing  "AS 
IS"  QA/QC  systems  and  defined  the  specific  needs  of  those  systems 
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viewpoint ;  From  the  perspective  of  the  QA/QC  project  manager 

Purpose :  To  describe  the  activities  and  interfaces  within 

•AS-IS*  QA/QC  in  Manufacturing  and  Design  and 
provide  guidance  for  development  of  models  from 
coalition  members. 
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o  System  Requirements  Document  -  which  translated  "needs"  into  system 
requirements  and  identified  improvement  concepts. 

Figure  3-65  illustrates  the  various  documents  which  were  produced  as  a 
result  of  the  Task  D  effort.  The  following  paragraphs  provide  a  summary  of 
the  activities  that  contributed  to  these  documents. 

3.4.2. 1  Perform  Meeds  Analyses 

The  Needs  Analysis  activity  addressed  the  “AS  IS"  environment  in  terms  of 
cost/performance  drivers  and  human  factors  affecting  the  current  system  and 
identified  where  improvements  should  be  made.  The  six  major  activities  of  the 
QA/QC  system  were  identified  as: 

o  Prepare  for  future  QA/QC  aerospace  demands 
o  Develop  QA/QC  RFP  response 
o  Prepare  QA/QC  quality  plan 
o  Implement  QA/QC  program  plan 
o  Perform  to  QA/QC  program  plan 
o  Evaluate  QA/QC  effectiveness 

Key  areas  of  needs  were  summarized  and  structured  in  a  needs  analysis 
matrix  (see  figure  3-66).  Areas  of  need  have  been  identified  and  combined  in 
the  following  categories: 

o  Early  Integration  of  Quality  Assurance/Control  considerations 
o  QA/QC  Equipment 
o  QA/QC  Information  Handling 
o  Technical  Skills 
o  Software  Quality  Assurance 

Integration  of  the  Assurance  of  Quality  -  The  following  key  areas  of  needs 
were  identified  for  the  Integration  of  QA/QC  activities.  These  needs  affect 
all  functions  from  Marketing  through  Engineering,  Manufacturing  and  Logistics 
Support . 

o  Early  prevention/detection  of  quality  problems  and  capitalizing  on 
quality  opportunities 

o  New  QA/QC  technology  compatible  with  future  design  concepts  and  factory 
of  the  future  designs  and  change  proposals 

o  Utilize  present  quality  problem  data  in  future  designs  and  change 
proposals 

o  Early  availability  of  design  and  manufacturing  requirements  for 
inspection  and  test  planning  and  equipment  requirements 

o  Reduce  QA/QC  resource  inefficiencies  associated  with  project 
organizations . 


FTF110510000U 
?9  June  1984 


TASK  “D” 

3  sti  b*Tasks 

1)  Understand  the  Problem-' As  Is”  Aerospace  Industry 


Scoping  Document  System  Environment  Need,  An.l»„,  e  , 

Document  Document  ' 


2)  QA/QC  Manual-Architecture  for  Product  Assurance 


3)  PrEnvironmentanCe  Pr°Sram  S,and’^-'or  Automated 


Figure  3-65  Documents  Produced  on  Task.  D 


3-152 


rrRiiosioooou 
29  June  1984 


FTH110510000U 
29  June  1984 


;  OA/OC  Equipment  Meeds  -  As  highly  automated  yroitction  systems  are  integrated 

, && into  manufacturing  design,  the  tendency  his  feeea  to  overload  the  Quality 
;  Assurance  requirements  in  the  overall  design.  1j  a  result,  the  traditional 

methods  of  inspection  seriously  impact  prs-ductios.  Inspection  productivity 
can  be  increased  by  automating  labor  intensiTe  inspection  processes.  There 
must  be  interactive  inspection  and  veri f iiafcicta  aimed  at  non-conformance 
prevention  and  timely  and  effective  peeve-tire  nasxien ance.  Some  key  needs  in 
this  area  are: 


o  Inspections  of  Internal  Integrity  of  Osmpcsites 
o  Composites  Dimensional  Inspections 
o  Detailed  Machined  Part  Dimensional  Ic.ro’ectiaa 
o  Electrical  Wire  Harness  Inspection 
o  Sheet  Metal  Blanking  Inspection 

o  Automated/In- Line  Electronic  Circuit  £A/QC  Inspect ion 
3A/0C  Information  Handling  Needs 


Due  to  the  labor  intensive  nature  of  inspection  data  collection  in  the 
Factory  of  Today,  a  large  part  of  an  inspector**  time  is  spent  in  filling  out 
forms.  Information  must  be  inputted  manually.  Selected  portions  of  the 
information  are  archived  and  storage  and  retrxerai  is  usually  totally  manual. 
Information  in  the  form  of  blueprints,  specificate  to  and  procedures  is  usually 
distributed  manually.  Thus,  there  exists  a  reei  to  eliminate  much  of  the 
manual  interaction  now  required.  Automated  information  management  systems 
that  can  handle  the  collection,  analysis  and  reporting  of  inspection  data  are 
required.  The  coalition  team  identified  severs  key  areas  of  need  associated 
with  QA/QC  information  handling.  They  were: 

o  Provide  QA/QC  field  information  for  early  pr-ablem  identification  and 
solution 

o  Improve  the  collection,  processing,  storag's  and  retrieval  of  shop  floor 
inspection  data 

o  Secure  useful  incoming  inspection  data  in  a  tiaeiv  manner 

o  Submit  a  quality  plan  in  response  to  th®  EFT  that  utilizes  demonstrated 
strengths 

o  Ensure  correct  inspection  programs  are  leafed  on  numerical  control-type 
inspection  equipment  when  part  arrives 

o  Provide  only  current  relevant  inspection  data  to  the  shop  floor 

o  Reduce  the  time  and  cost  to  incorporate  repetitious  QA/QC. 

Technical  Skills  Meeds 


There  were  three  major  areas  of  needs  associated  with  QA/QC  skills 
identified  by  the  coalition  team.  These  were: 
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o  Obtain  and  maintain  technical  skills  in  high  demand  and  short  supply  _  ^  -'4 . 

o  Hake  effective  use  of  available  QA/QC  skills 

o  Allocate  the  range  of  skills  required  to  effectively  perform  certain 
QA/QC  tasks. 

These  needs  are  not  unique  to  the  aerospace  industry.  They  are  associated 
with  staffing  and  management  functions  of  all  organizations.  However,  there 
are  possible  technical  solutions  which  may  alleviate  these  needs.  They  are: 

o  Provide  or  reduce  the  need  for  QA/QC  skills  where  they  are  in  short 
supply 

o  Provide  a  closer  match  between  QA/QC  personnel  and  position  skill 
requirements 

o  Provide  a  quality  assurance  audit  capability  to  measure  the  adequacy  of 
the  QA/QC  systems. 

Software  Quality  Assurance  Needs 


Software,  like  hardware,  is  crucial  in  terms  of  cost,  schedule  and 
performance  and  deserves  the  same  level  of  emphasis  as  hardware.  Software 
includes  operating  systems,  supervisory  systems,  compilers,  test  routines  and 
application  programs.  Some  of  the  problems  which  exist  in  the  software  area 
are: 

o  Poor  requirements  definition 
o  Inadequate  systems  engineering 

o  Inability  to  track  software  development  progress 
o  Inadequate  design  change  and  configuration  control 
o  Improper  matching  of  test  and  verification  with  requirements 
o  Availability  of  support  software  when  needed. 

The  Needs  Analysis  document  ( NAD110513000)  published  on  24  June  1982 
expands  on  the  summation  of  the  needs  described  in  the  preceding  paragraphs 
and  highlights  the  background,  human  factor  issues,  cost  drivers,  benefits  (if 
corrected)  and  the  estimated  cost  benefits  in  dollars  and  as  a  percentage  of 
known  costs. 
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3. 4. 2. 2  Establish  "AS-IS"  Environment  (WBS  4. 4. 2. 2) 


The  major  modeling  effort  occurred  in  support  of  meeting  the  requirements 
for  a  System  Environment  Document  (SED).  That  document  contains  the  “factory 
view”  models  from  each  of  the  coalition  members  as  well  as  the  "composite 
view"  IDEF0  (functional)  and  IDEE1  (informational)  models.  The  final 
composite  IDEF0  model  had  143  nodes  ranging  from  "Develop  New  Technologies" 
to  "Perform  NDT  Inspection." 
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•  L.,v  ;Y>>  Three  aircraft  contractors  (Northrop,  Vought  and  General  Dynamics) 
..v'fii^-rtoHected  data  to  develop  three  separate  models  of  "AS  IS"  factory  QA/QC 
views.  These  views  were  representative  of  multipurpose  production  centers 
(i.e.,  assembly,  machining,  electronics,  composites  and  fabrication).  The 
viewpoint  was  from  members  of  the  Task  D  coalition  project  teas:  Data  was 
collected  from  those  who  had  the  most  information  in  whatever  activity  was 
being  modeled.  This  data,  then,  became  the  baseline  for  the  individual 
factory  view  models.  The  assignments  for  these  view  models  were  as  follows: 


o  General  Dynamics  would  model  upper  level  management  and  expand  into 
Test/Inspect  and  evaluate  for  the  electronics  area 

o  Northrop  would  do  the  same  for  the  corroosites  area 

o  V ought  would  do  likewise  for  the  sheet  metal,  machined  parts  and 
assembly  areas. 

Figure  3-67  is  a  factory  view  of  General  Dynamics*  IDEF0  Function 
Model.  Figure  3-68  is  a  factory  view  of  Northrop 's  generic  QA/QC  functions 
which  occur  throughout  the  entire  life  cycle  of  an  aerospace  product.  Figures 
3-69,  3-70  and  3-71  show  the  detailed  architecture  and  the  subtasks  involved 
in  Northrop* s  QA/QC  functions  involved  with  the  chemical  and  physical  testing 
of  prepreg  in  the  composite  area.  Figure  3-72  is  Vought's  1DEF9  model  of 
its  generic  QA/QC  functions  which  occur  across  the  life  cycle  of  an  aerospace 
product.  Figure  3-73  is  an  in-depth  model  of  sheet  metal  and  extruded  parts 
QA/QC  inspection.  Figure  3-74  is  a  similar  example  for  sheet  aetal  and 
extrusion  inspection  and  Figure  3-75  demonstrates  a  model  of  assembly  test, 
inspection  and  assembly  procedures. 

A  detailed  discussion  and  description  of  the  "AS  IS"  models  is  presented 
in  the  Task  D,  System  Environment  Document  (SED10513000)  of  31  August  1982. 

3. 4. 2. 3  Establish  The  "AS-IS  Composite  QA/QC  Hodels  (WBS  4. 4.2. 3) 


The  Northrop,  Vought  and  General  Dynamics  Factory  View  models  were  used  to 
develop  the  IDEF0  Composite  View  models.  The  IDEF1  Composite  view  model  was 
reviewed  by  SofTech  and  approximately  75%  of  the  SofTech  suggestions  were 
incorporated  into  the  final  model. 

Working  as  a  team,  the  coalition  members  reviewed  and  identified  the 
commonalities  of  the  three  factory  view  models  from  which  the  composite  view, 
function  and  information  models  were  developed. 

Figure  3-76  is  the  QA/QC  composite  model  node  tree  representing  the 
combined  efforts  of  all  participants.  Figures  3-77  illustrates  an  Entity 
Class  Function  view  of  the  IDEF1  Information  Model. 
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Figure  3-68  Factory  View  of  Morthrop'*  Generic  QA/QC  Function 
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Figure  3-69  Morthrop's  Architecture  of  Its  QA/QC  Functions 
in  the  Composite  Area 
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Figure  3-72  Vought’s  Model  of  Its  Generic  QA/QC  Functions 
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Figure  3-77  Entity  Class  Function  View 
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3 . 4 . 2 . 4  Establish  Architecture  Interface  Integration  (WBS  4. 4. 2. 4) 

The  "Assure  quality"  architecture  model  was  integrated  with  the  master 
1CAH  manufacturing  (KFG01)  and  Design  (DES),  1)  models  while  working  with 
personnel  of  the  ICAM  architecture  Part  III,  Project  Priority  1104.  The 
results  have  been  published  in  AFWAL-TR-82-4063 ,  Volumes  III,  IV,  V,  and  VI. 

Figure  3-78  reflects  a  generic  view  of  the  product  quality  architecture 
interface  approach  with  manufacturing  and  design  architectures.  Figures  3-79 
and  Figure  3-80  illustrate  QA2  interface  with  HFG0  and  DES0  nodes, 
respectively.  The  QAO  Node  Chart  shown  in  Figure  3-81  illustrates  the  flow  of 
the  various  functions  as  they  integrate  into  each  other.  Figure  3-82  shows 
the  production  flow  of  General  Dynamic1  F-16  line  as  the  various  components 
and  assemblies  are  integrated  into  the  final  aerospace  product. 

3 . 4 . 2 . 5  Establish  Improvement  Concepts  (WBS  4. 4. 2. 5) 

The  System  Requirements  Document  (SRD110513000)  translated  the  needs 
identified  in  the  Needs  Analysis  Document  into  systems  requirements  capable  of 
satisfying  those  needs.  Each  need  was  reviewed  in  terms  of  suitable 
improvement  concepts.  The  original  draft  was  reviewed  by  Vought  and  General 
Dynamics  who  recommended  several  changes  which  were  incorporated  into  the 
final  draft.  The  final  draft  was  submitted  to  the  Air  Force  on  24  September 
1982  and  approved  on  5  July  1983.  The  Systems  Requirements  Document  was 
reviewed  by  industry  and  several  changes  recommended  were  incorporated  prior 
to  final  approval  by  the  Air  Force  PMO. 

The  System  Requirement  Document  (SRD)  provided: 

o  A  set  of  improvement  concepts  that  addressed  the  integrated  factory 
QA/QC  environment 

o  The  system  requirements  that  serves  as  a  basis  for  understanding  what 
is  to  be  accomplished  if  the  needs  of  quality  in  the  Factory  of  the 
Future  are  to  be  met 

o  A  basis  for  tracking  future  implementation  programs. 

The  SRD  further  described  the  specific  QA/QC  performance  requirements  to 
be  satisfied  by  the  QA/QC  "TO  BE"  System.  This  document  was  divided  into  four 
major  sections  as  follows: 

1.  Identified  how  the  system  requirements  and  improvement  concepts  were 
developed  for  each  key  area  of  need  as  listed  in  the  QA/QC  Needs 
Analysis  Document. 

2.  Identified  the  specific  system  requirements  and  improvement  concepts 
for  each  key  area  of  need.  These  areas  were  grouped  into  the 
following  categories: 
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Figure  3-78  Generic  Product  Quality  Interface  Architecture 
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A4225  Checkout 


A43 


A4243  Perform  Inspection  A43 

A4211  Perform  Station  Capability  A52 

Analysis 


A5  Obtain  Manufacturer's  Material 
AS3  Inspect 

A6  Produce  Product 

A63  Perform  Physical  Production 
A6314  Inspect  Detail  Parts 
A6324  Inspect  Composite  Parts 
(Sub-Assent)  1  ies) 

A6334  Inspect  or  Test  Major 

Assemblies  4  Installations 
A631S,  A6325,  A6335 

Handle  Nonconforming 
Material s/Assembl ies 
A64  Test  Checkout 


A511 


A512 

A513 

A514 

A54 


A515 


QA0 


Develop  Draft  QA  Program  Plan 

Prepare  QA/QC  Program  Plan 

Issue  Qjality  Requirements 

Specify  Required  QA/QC  Resources 
Issue  Quality  Plan 

Establish  Schedule 

Establish  Schedule 


Provide  QA/QC  Detailed  Work  Instructions 
Issue  Qjality  Requirements 


Calibrate  and  Certify  Tools  and 
Equipment 

Calibrate  and  Certify  Tools  and  Equipmen 
Verify  Processes 


Perform  Incoming  Inspection 


Inspect  Detail  Parts 

Inspect  Composite  Parts  (Sub-Assemblies) 

Inspect/Test  Major  Assemblies  and 

Installations 

Control  Nonconforming  Material 


Test/Checkout  Aerospace  Product 
(Final  Product) 


Figure  3-79  QA0  -  Integration  with  MFC0 
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Al  Develop  Conceptual  Designs 

AI2  Analyze  Customer  Requirements 

A12I  Define  Requirements 

A1222  Compare  Requirements 
with  State-ol-the-Art 
Technology 

AI3  Formulate  Concepts 

AI3II  Review  System  Concepts 

A2  Develop  Preliminary  Design 

A2I  Refine  Candidate  Configurations 

A2I5I  Verify  Completeness  of 
Performance,  Design  & 
Test  Requirements 

A22  Select  Optimum  Configurations 

A224I  Update  Integrated  Test 
Plan  and  Correlate 
Design  Requirements 

A2333  Confirm  System  Trade¬ 
offs  and  Producibillty 

A 3  Develop  Detai I  Design 

A311  Review  Preliminary  Design 

A 3321  Release  Design  Data 


All  Identify  Probable  Future 
QA/QC  Requirements 

AI2  Compare  Future  Needs 
with  Existing  Technology 


AI2  Compare  Future  Needs 
with  Existing  Technology 


A2I  Extract  RFP  QA/QC 
Requirements 


A23  Develop  Draft  QA 
Program  Plan 

A221  Evaluate  RFP  for 

Technology  Requirements 


A  314  Determine  Production 
QA/QC  Requirements 

A3I5  Issue  Quality 
Requirements 


Figure  3-80  QA0  -  Integration  With  DES0 
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o  Early  integration  of  functional  activities 
o  Providing  fast,  reliable  inspections 
o  Timely  transmission  of  data 

o  More  effective  personnel  practices  and  resource  allocation 
o  Additional  procedures  for  the  "AS  IS"  quality  system. 

3.  Identified  what  other  ICAM  systems  might  be  impacted  if  the  QA/QC 
system  requirements  were  met 

4.  Identified  those  portions  of  the  QA/QC  IDEF0  activity  diagrams 
that  will  be  affected  when  improvement  concepts  are  implemented  to 
meet  the  system  requirements. 

Figure  3-83  is  a  partial  listing  from  the  System  Requirements  Document 
that  illustrates  how  key  areas  of  needs  are  defined,  how  they  relate  back  to 
paragraphs  in  the  Heeds  Analysis  Document,  and  the  relevant  IDEF0  nodes  to 
which  they  appertain. 

The  specific  system  requirements  and  improvement  concepts  section  of  the 
document  defined  each  system  requirement,  proposed  an  improvement  concept, 
discussed  the  availability  of  state-of-the-art  techniques  ano  approaches, 
established  relevant  effected  nodes,  and  estimated  the  potential  cost 
savings.  Figure  3-84  is  an  example  of  the  details  describing  system 
requirements  referenced  in  figure  3-83. 

Also  discussed  in  the  SRD  is  the  potential  impact  QA/QC  requirements  might 
have  on  other  ICAM  systems.  It  points  out  that  this  impact  must  be  considered 
in  future  planning  because  if  the  solution  to  QA/QC  problems  were  implemented 
separately,  they  might  create  costly  and  time  consuming  incompatibilities. 

3.4.3  Establish  QA/QC  Manual  (WBS  4,4.3) 

The  objective  of  the  QA/QC  Manual  was  to  provide  a  standardized  approach 
for  modeling,  analyzing  and  improving  "AS  IS"  QA/QC  functions  in  industry. 

From  this  document,  industry  and  DoD  will  be  able  to  start  from  a  developed 
QA/QC  baseline  and  follow  a  logical,  structured  approach.  This  manual  also 
identified  common  QA/QC  functions  and  illustrated  how  integrated  "TO  BE" 
models  and  architectures  were  evolved  for  improvement  concepts. 

The  completed  document  was  entitled  "Architecture  for  Product  Assurance." 
It  was  developed  by  organizing  and  simplifying  the  output  of  the  standard  ICAM 
documents  produced  as  part  of  understanding  today's  "AS  IS"  environment  and 
putting  that  information  into  an  easy,  readable  format.  The  document  contains 
simple  instructions  on  how  to  build  a  model.  It  contains  the  composite 
function  IDEF0  and  information  IDEF1  models  for  "Assure  Product  Quality" 
with  simplified  directions  for  how  to  read  and  interpret  the  models. 

The  "Architecture  for  Product  Assurance"  also  contains  a  summary  of  the 
Heeds  Analysis  Document  and  the  System  Requirements  Document  with  a  brief 
explanation  of  how  those  two  documents  were  developed. 
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PARAGRAPH 
IN  NEEDS 
ANALYSIS 
DOCUMENT 

KEY  AREAS  OF  KEED 

RELEVANT 

IDEFO 

NODES 

3. 3. 2.1 

*  lll'l  1 

3 .3 .2.  I.  1 

Early  prevention/detection  of  Design/ 
Production/Manufacturing  problems  and 
capitalizing  on  Quality  opportunities. 

All 

3. 3. 2. 1.2 

New  QA/QC  technology  compatible  with 
future  design  concepts  and  Pactory-of- 
the-Future  manufacturing  innovations. 

A14,  A32 
A34 ,  A43 

3. 3. 2. 1.3 

Utilize  present  Product  problem  data 
in  future  designs  and  change  proposals. 

A56 

3.3.2.  1.4 

Tarly  availability  of  Design  and 
Manufacturing  requirements  for  Test  and 
Inspection  planning  and  Equipment 
requi rements. 

A3  2 ,  A3  4 

A4  3 

3.3..\  i.S 

Reduce  QA/QC  resource  inefficiencies 
associated  with  project  organizations. 

A2 

3 .3  .2 .2 

3. 3. 2. 2.1 

Needs  Associated  with  QA/QC  Equipment. 

Inspections  of  internal  integrity  of 
composites. 

AS1214 

3. 3. 2. 2. 2 

Composite  dimensional  inspections. 

A51231 

3. 3. 2. 2. 3 

Detailed  machined  part  dimensional 
inspsction. 

A5122 

3. 3. 2. 2. 4 

Electrical  wire  harness  inspection. 

A5132 

Figure  3-83  QA/QC  Key  Areas  of  Need 
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3 . 1 . 2 . 2 . 2  Fast.,  reliable  inspection  of  internal  composite 
Dimensions . 


System  Requirement: 


The  inspection  of  composites  during  the 
lay-up  process  is  a  continuous  effort. 
Since  the  tape  is  opaque,  each  layer 
must  be  inspected  for  tape  orientation 
and  spacing.  The  inspection  is  manual 
and  must  be  repeated  for  each  layer.  As 
a  result.  Quality  Assurance  is  very 
labor  intensive  and  time  consuming. 

This  problem  exists  in  both  tape  and 
broad  goods  lay-up.  A  fast,  reliable 
in-process  inspection  of  composite 
materials  is  needed  that  will  reduce  the 
time  and  cost  60  to  75%. 


Improvement  Concept; 


Improvement  Concept 

State-of-the-Art 

Status: 


Integration  of  the  inspection  function 
with  the  tape  and  cloth  lay-up  to 
assure,  rather  than  just  inspect  for, 
tape  orientation  and  spacing.  This 
would  be  a  part  of  the  automated  lay-up 
program. 


Not  Available 


Key  Area  of  Need: 

Paragraph  &  Page 
No .  in  N A D IT 05130 0 0 


Relevant  IDEPO  Nodes: 


There  are  some  potential  methods  that 
show  promise  including  x-ray,  cat  scan, 
and  sonic  scan. 

Composite  dimensional  inspections. 


3. 3. 2. 2. 2,  Page  3-25 
A51231 


Benefits: 


$25  Million  (3.4%  of  the  savings) 


Figure  3-84  Improvement  Concepts  Example 
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In  developing  this  document,  the  coalition  (General  Electric,  Vought, 
Northrop,  and  General  Dynamics)  took  into  consideration  that  there  could  be  no 
pat  answers  nor  taiiormode  guides  for  individual  industrial  businesses  for 
obtaining  instant  solutions  to  quality  and  productivity  problems. 

However,  this  document  does  simplify  the  process  considerably  by  providing 
a  logical  path  to  sequence  events,  prioritize  those  operations  that  merit 
immediate  attention,  eliminates  duplication  of  procedures  and  establishes  a 
road  map  that  is  designed  to  be  both  pertinent  and  flexible.  The  basic 
guidelines  set  forth  in  this  document  are  designed  to  help  industry  achieve 
the  quality  and  cost  efficiencies  it  desires  without  the  burden  of  immediate, 
overwhelming  expense. 

3.4.4  Establish  Product  Assurance  Program  Standard  (UBS  4.4.4) 

The  four  documents  produced  during  the  first  phase  of  this  project, 
"Understand  Today's  "AS-IS"  QA/QC  Environment",  provided  the  background  for 
the  development  of  the  Product  Assurance  Program  Standard.  This  data, 
however,  presented  a  limited  point  of  view  since  the  coalition  had  focused  on 
Quality  Assurance  in  aerospace  manufacturing.  Further,  the  data  was  presented 
from  the  perspective  of  the  Quality  Program/Project  Manager. 

The  data  base  was  expanded  further  by: 

o  Contacting  Air  Force  suppliers  who  provide  other  products 

o  Contacting  other  DoD  contractors  who  provide  Army  and  Navy  supplies 

o  Contacting  other  Air  Force  and  DoD  personnel 

o  Contacting  the  highest  ranking  Quality  Assurance  officers  in  industry 
and  the  military. 

The  coalition  was  then  able  to  combine  its  working  level  data  with  "policy 
makers"  data. 

A  questionnaire  was  developed  to  capture  data  in  an  organized  and 
structured  manner.  This  data  was  analyzed  along  with  the  feedback  from 
personal  interviews.  Specification  MIL-Q-9858A  and  related  documents  were 
also  analyzed  and  problem  areas  and  deficiencies  were  identified. 

The  Product  Assurance  Program  Standard  document  includes  consideration  for 
integrated  automated  management  and  production  systems  applicable  to  current 
and  near-future  manufacturing  environments. 

Figure  3-85  summarizes  the  coalition's  approach  to  developing  the  Product 
Assurance  Program  Standard. 
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Figure  3-85  Product  Assurance  Program  Standard-Approach  Summary 
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3 . 5  (WPS  6.0)  Special  Considerations 

3.5.1  Industry/Government  Debrief  ins  (MBS  6.2) 

The  Project  1105  prime  contractor  sponsored  an  end  of  contract  debriefing 
at  the  Loews  Anatole  Hotel  on  21  June  1984.  The  purpose  of  this  debriefing 
was  to  transmit  the  salient  results  of  the  Project  1105  effort  to  appropriate 
representatives  from  Industry  and  Government.  Invitations  were  extended  to 
approximately  four  hundred  people  and  approximately  200  attended.  Names  were 
obtained  from  a  list  supplied  by  the  Air  Force  PM0. 

3.5.2  Annual  ICAM  Industry  Day  Participation  (WBS  6.8) 

The  coalition  participated  in  two  ICAH  Industry  Days  as  follows: 

o  Sixth  Annual  Industry  Days,  Net/  Orleans,  Louisiana,  January  1982 
o  Seventh  Annual  Industry  Days,  New  Orleans,  Louisiana,  June  1983 

Plans  are  currently  underway  to  participate  in  the  Eighth  Annual  Industry 
Days  to  be  held  in  Dallas,  Texas  9-12  April  1985. 
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SECTION  4 

REFERENCE  DOCUMENTS 

4 . 1  Abstiacts  of  Approved  L if  a  Cycle  Documents 

The  following  paragraphs  describe  the  approved  life  cycle  and 
supplementary  documents  that  have  been  produced  on  Project  1105.  These 
documents  may  be  ordered  by  using  the  Document  Request  Form  found  at  the  end 
of  Section  4. 

4.1.1  Task  B  Approved  Life  Cycle  Documents 

( 1 )  Task  B  -  ScopinK  Document  (SD),  ''Factory  of  The  Future  Conceptual 

Framework. M  25  March  1982.  (SD  110512000).  Volume  II.  Part  1, 
AFWAL-TR-84-4020 


This  document  states  the  objectives  of  Task  B,  relates  the  objectives  to 
specific  work  statements  by  defining  the  bounds  of  the  project  tasks  and 
defines  where  the  project  correlates  with  the  ICAM  Architectures  of 
Manufacturing  and  Design.  For  Task  B,  the  two  major  objectives  are:  to 
establish  an  overall  conceptual  framework  structure  of  upper  level  management 
functions  supported  by  concept  descriptions/definitions  and  limited 
L  architectures;  and  to  establish  a  long-range,  systematic  strategy  for 

initiating  concept  descriptions. 

(2)  Task  B  -  Meeds  Analysis  Document  (HAD),  "Factory  of  the  Future 
Conceptual  Framework."  10  Hay  1982.  (NADI  10512000) ,  Volume  II.  Part 
2.  AFWAL-TR-84-4020 

This  document  identifies  "NEEDS"  in  the  current  "AS  IS"  factory 
environment  in  order  to  conceptualize  opportunities  for  improvement.  Seven 
major  categories  of  needs  were  identified.  The  needs  are  related  to: 
Information  Resource  Management,  Management  of  the  Factory,  Product  Definition 
and  Planning,  Product  Assurance,  Human  Resource  Management,  Materials 
Management,  and  Financial  Management.  The  document  then  relates  (in  a  series 
of  matrices)  how  these  needs  categories  apply  to  the  generic  functions  of  the 
Factory  of  the  Future  detailed  in  the  Scoping  Document. 

( 3 )  Task  B  -  State-Of-The-Art  Document  (SAD).  "Factory  of  the  Future 
Conceptual  Framework."  20  September  1982.  (SAD110512000) ,  Volume  II. 
Part  3.  AFViAL-TR-84-4020 

This  document  outlines  the  state-of-the-art  technology  which  is  applicable 
to  the  FoF  environment  being  studied  by  the  Task  B  coalition.  The  SAD  was 
investigated  from  the  perspective  of  information/communication/computer  tools 
which  support  the  factory  management  level  decisions  and  the  interface  of  this 
level  to  all  ether  functions  of  the  factory.  Since  the  FoF  is  envisioned  for 
the  1995  time-frame,  tnis  SAD  analysis  included  not  only  current  technology 
but,  also  leading  edge  technology  which  has  a  potential  for  demonstrating  cost 
effectiveness.  A  detailed  description  of  a  leading  computer  integrated  factory 
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(Ingersoll  Killing  Machine  Company)  is  also  included.  The  appendices  contain 
a  summary  of  selected  data  base  management  systems,  a  review  of  other  ICAH 
SADs  and  their  relationship  to  the  FoF,  and  finally,  a  statement  of 
compatibility  of  the  SAD  with  IPAD  findings. 

( 4 )  Task  B  -  System  Requirements  Document  (SRD).  “Factory  of  the  Future 
Conceptual  Framework, *'  3  March  1983.  (SRD1105120000) ■  Volume  II, 

Part  4,  AFUAL-TR-84 -4020 

This  document  outlines  the  requirements  and  concepts  for  the  enhancement 
of  the  aerospace  factory  operations  in  1995.  The  document  relates  these 
requirements  using  the  seven  major  categories  identified  in  the  NAD.  These 
are:  Information  Resource  Management,  Management  and  Control,  Product 

Definition  and  Planning,  Product  Assurance,  Human  Resource.  Management, 

Materials  Management,  and  Financial  Management.  This  document  identifies 
these  requirements  for  the  Generic  Factory  of  the  Future  and  establishes  the 
basis  for  developing  the  Factory  of  the  Future  Conceptual  Framework. 

(5)  Task  3  -  System  Specification  Document  (SS),  "Factory  of  the  Future 
Conceptual  Framework,"  14  October  1983.  (SS  1105120000),  Volume  II. 
Part  5,  AFWAL-TR-84-4020 

This  document  expands  and  further  details  the  major  requirements 
identified  in  the  Systems  Requirements  Document  (SRD1105120000) .  This 
document  views  the  system  in  terms  of  specific  system  requirements  and 
provides  sufficient  criteria  to  enable  an  initial  conceptual  design  of  the  FoF. 

(6)  Task  B  -  Conceptual  Framework  Document.  "Factory  of  the  Future 
Conceptual  Framework ■ ”  10  February  1984.  (MMR110512000) ,  Volume  II, 
Part  6.  AFWAL-TR-84-4020 

This  document  describes  an  approach  for  achieving  computer  integrated 
manufacturing  in  the  1995  aerospace  Enterprise  using  the  concepts  developed  in 
the  SRD  and  SS.  The  aerospace  Enterprise  (factory)  is  described  as  a  total 
system.  It  is  broken  down  using  System  Engineering  Methodology  into  its 
component  parts;  goals  are  reviewed;  the  operating  environment  of  the  1995 
time-frame  is  discussed;  its  principles  of  operation  are  defined  and  its 
functions  are  described.  Detailed  description  of  the  major  factory  components 
are  presented  in  the  discussion.  These  components  are  examined  from  the 
physical  view  (people,  production  toois  and  equipment,  facilities  and  the 
computer  integrated  factory  network)  and  the  logical  view  (common  data  base 
and  logical  processes  used  to  manipulate  data/information).  The  conceptual 
framework  is  based  upon  concepts  previously  developed  and,  as  such,  represent 
a  hypothetical  view.  The  document  slso  points  out  that,  a  different 
description  is  possible  if  the  actual  parameters  of  a  specific  Enterprise  were 
used  as  opposed  to  the  generic  concepts  used  by  the  coalition. 

4.1.2  Task  C  and  E  Approved  Life  Cycle  Documents 
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(1)  Task  C  -  Scoping  Document  (SD)  "Integrated  Composites  Center 
Conceptual  Design."  30  June  1982,  (SD  110511000).  Volume  III.  Part 
1.  AFWAL-TE-84-4020 

This  document  states  the  objectives  of  Task  C,  relates  the  objectives  to 
specific  work  statements  by  defining  the  bounds  of  the  project  tasks  and 
defines  where  the  pro  ct  correlates  with  the  ICAM  architectures  of 
Manufacturing  and  De' ^n.  For  Task  C,  the  two  (2)  major  objectives  are:  to 
establish  the  needs  equirements  for  an  integrated  composites  center  concept 
(basic  effort),  and  to  establish  The  Integrated  Composites  Center 
specification,  preliminary  design  and  implementation  plans  for  the  minimum  of 
two  (2)  different  manufacturing  locations  (Option  2). 

( 2 )  Task  C  -  Meeds  Analysis  Document.  (MAD),  "Integrated  Composites 
Center  Conceptual  Design,"  30  April  1982.  (HAD110511000) ,  Volume 
III.  Part  2.  AFUAL-TR-84-4020 


The  purpose  of  this  document  is  to  identify  shortcomings  in  the  "As  Is" 
composites  manufacturing  systems  and  to  conceptualize  possible  opportunities 
for  improvement.  Fourteen  categories  of  needs  were  identified.  The  needs 
are  related  to  part  design,  rate  and  volume  requirements,  and  position  on  the 
learning  curve.  Design,  quality  assurance,  and  tooling  were  identified  as 
very  large  cost  drivers.  The  needs  do  not  vary  much  from  company  to  company. 
Control  is  fragmented  -  integration  is  lacking;  management  and  control  systems 
were  found  to  be  inadequate. 

(3)  Task  C  -  System  Environment  Document  (SEP),  "Integrated  Composites 
Center  Conceptual  Design,"  31  May  1982.  (SED110511000) ,  Volume  III. 
Part  3.  AFWAL-TR-84-4020 

This  document  provides  the  systems  environment  for  the  Integrated 
Composites  Center  (ICC).  It  consists  of  IDEF0  abd  TDEF1  Composite  Models  of 
"AS  IS"  system  and  represents  a  generic  environment  of  composites  airframe 
manufacturing  in  the  current  aerospace  industry.  It  identifies  the 
commonalities  found  in  today’s  environment  rather  than  the  idiosyncrosies. 
Northrop's,  Vought’s,  General  Dynamics'  and,  to  a  lesser  extent,  General 
Electric's,  Approach  to  composites  manufacturing  were  studies.  IDEF0m  1  and 
2  models  reflect  a  compositing  or  synthesizing  of  these  approaches.  The 
models  were  constructed  from  these  studies  and  validated  through  IDSS 
simulation.  These  models  and  the  understanding  of  the  "AS  IS"  compoistes 
environment  gained  in  the  data  collection  and  modeling  process  were  used  to 
construct  the  System  Environment  Document. 

( 4 )  Task  C  -  State-of-The-Art  Document  (SAD).  "Integrated  Composites 
Center  Conceptual  Design,  31  May  1982,  (SAD110511000) .  Volume  III. 
Part  4,  AFVIAL-TR- 84-80  20 


This  document  establishes  a  point  of  departure  for  the  design  of  the  "TO 
BE"  Integrated  Composites  Center  by  examining  the  technology  of  the  "AS  IS" 
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environment.  The  coalition  team  analyzed  their  own  current  composite 
fabrication  environment  and  also  visisted  the  production  facilities  of  other 
aerospace  factories  engaged  in  the  fabrication  and  assembly  of  composites. 
Currently  available  technologies  were  examined  to  satisfy  existing  needs  and 
technological  voids  were  uncovered.  These  voids  were  described  and 
prioritized  in  terms  of  cost  drivers,  performance  drivers  and  human  factor 
considerations. 

( 5 )  Task  C  -  System  Requirements  Document  (SRD),  "Integrated  Composites 

Center  Conceptual  Dcsir.r.."  31  Julv  1982,  (SRD110511000) .  Volume  III. 
Part  5.  AFWAL- TR-84-4 020 


The  System  Requirements  Document  (SRD)  was  the  first  functional  document 
of  the  "TO  BE"  Integrated  Composites  Center.  It  was  the  initial  statement  of 
validated  "needs"  for  the  "TO  BE"  center  expressed  in  terms  of  requirements. 
These  requirements  were  "needs"  with  associated  parameters.  This  document 
identified  the  major  requinr.ent  categc-ies  of  the  "TO  BE"  ICC  which  were 
traceable  back  through  all  of  the  previously  produced  documents  of  the  ICC. 

The  coalition  individually  analyzed  their  requirements  to  improve  their 
specific  composite  production  system.  The  resulting  information  extracted 
from  these  requirements  which  were  generic  to  the  aerospace  industry  are 
reflected  in  this  Systems  Requirement  Document. 

( 6 )  Task  E  -  System  Specification  Document  (SS).  '‘Integrated  Composites 
Center  Conceptual  Design."  30  November  1982,  (SS  110511000).  Volume 
III,  Part  6.  AFVJAL-TR-84-4020 

This  document  contains  the  functional  and  performance  specifications  for 
the  Integrated  Composites  Center  System.  It  includes  the  specifications  for  a 
generic  ICC  as  well  as  specifications  tailored  to  Northrop,  Vought  and  General 
Dynamics.  The  purpose  of  this  document  is  to  detail  the  system  requirements 
to  the  maximum  extent  possible,  to  assure  the  reliability  and  validity  of  the 
requirements  and  to  promote  a  basic  understanding  between  the  user  and  the 
contractor  before  system  design  begins.  These  specifications  include  a 
first-cut  identification,  description  and  appropriate  models  of  the 
subsystems,  cells  and  stations  which  will  comprise  the  "TO  BE"  ICC. 

(7 )  Task  E  -  System  Design  Specification  Document  (SDS),  "Integrated 
Composites  Center  Conceptual  Design."  28  February  1982,  (SDS110511000) . 
Volume  III.  Part  7.  AJWAL-TR-84-4020 

This  document  addresses  how  each  requirement  presented  in  the  System 
Specification  will  be  addressed.  Eleven  cells  or  systems  that  encompass  the 
entire  gamut  for  composite  fabrication  and  subassembly  for  both  the  generic 
and  site  specific  centers  are  identified.  These  eleven  cells  are  further 
identified  by  major  Configuration  Items  and  subordinate  Configuration  Items 
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that  satisfy  each  system  requirement.  These  Configuration  Items  must  be  fully 
developed  and  exploited  to  conceptually  satisfy  system  requirements.  All 
Configuration  Items  are  specifically  defined  as  to  their  function  within  the 


ICC. 


(8)  Task  B  -  System  Test  Plan  Strategy  Document  (STP).  "Integrated 
Composites  Center  Conceptual  Design."  31  August  1983. 

(STP110S11000) ■  Volume  III.  Part  8.  AFV)AL-TR-84-4020 

This  document  contains  the  System  Test  Plan  Strategy  for  the  Integrated 
Composites  Center.  It  is  written  at  the  system  level.  It  describes  the 
concepts,  criteria,  standards,  tools  and  strategies  for  testing  the  system  at 
the  conceptual  level.  The  plan  includes  the  Development,  Testing  and 
Evaluation  (DT&E)  of  the  system,  as  well  as  strategies  for  installation, 
checkout  and  technical  demonstrations.  It  also  addresses  the  validation  of 
the  Users,  Operators  and  Maintenance  Manuals.  This  document  also  contains 
three  Appendices  which  describe  the  System  Test  Plan  Strategies  which  are 
unique  to  Northrop,  Vought  and  General  Dynamics. 

(9)  Task  E  -  Development  Specification  Document  (PS),  "Integrated 
Composites  Center  Conceptual  Design,  30  June  1983.  (PS  110511000), 
Volume  III.  Part  9,  AFUAL-TR-84-4020 

The  Development  Specification  (DS)  for  the  Integrated  Composites  Center 
decomposes  specific  configuration  items  requirements  to  a  level  sufficient  to 
enable  the  evolutionary  development  of  a  detail  design.  It  also  identifies 
interfaces  that  will  be  accommodated  by  the  subsequent  design  of  the 
configuration  item.  This  specification  establishes  the  performance, 
development  and  test  requirements  for  the  hardware  which  makes  up  the  ICC. 

The  Development  Specification  was  published  as  two  separate  documents.  Volume 
I  describes  a  generical  ICC.  This  is  a  conceptual  design  only,  not  a  precise 
framework.  Volume  II,  Appendices,  deals  with  specific  requirements  tailored 
to  Northrop,  Vought  and  General  Dynamics. 

(10)  Task  E  -  Implementation  Plan  Strategy  Document  (IP)  Integrated 
Composites  Center  Conceptual  Design,  31  October  1983,  (IP  110511000). 
Volume  III,  Part  10,  AFVJAL-TR-84-4020 

This  document  contains  the  conceptualized  Implementation  Strategy  for  the 
ICC.  It  describes  the  concepts,  criteria,  standards,  tools  and  strategies  for 
implementing  the  system.  It  describes  the  specific  steps  which  must  be  taken 
to  implement  this  composites  technology  into  new  or  existing  production 
facilities.  This  document  includes  implementation  plans  for  a  generic  ICC  as 
well  as  detailing  specific  factory  implementation  plans  required  by  Northrop, 
Vought  and  General  Dynamics 
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4.1.3  Task  D  Approved  Life  Cycle  Documents 

( 1 )  Task  D  -  Scoping  Docunant  (SP),  "Quality  As3urance/Quality  Control 
Technical  Requirements/Tasks . "  28  January  1982,  (SD  110513000). 
Volume  IV.  Part  1.  AFUAL~TK-G4-~40£0 

This  document  states  the  objectives  of  Tack  D,  relates  the  objectives  to 
specific  work  statements  by  defining  the  bounds  of  the  project  tasks  and 
defines  where  the  project  correlates  with  the  ICAM  Architecture  of 
Manufacturing  and  Design.  For  Task  D  the  three  major  objectives  are:  to 
establish  an  understanding  of  QA/QC  activities  required  in  aerospace 
production;  to  establish  an  ICAM  Quality  Assurance  Manual  that  will  provide  a 
standard  approach  for  modeling,  analyzing  and  improving  QA/QC  technology  in 
industry;  and  to  establish  a  prototype  Product  Assurance  Standard  that  will 
provide  product  assurance  management  guidelines  in  integrated/automated 
manufacturing  environments. 

(2)  Task  D  -  Needs  Analysis  Document  (H AD).  "Quality  Assurance/Quality 
Control  Technical  Requirements/Tasks."  24  June  1982,  (NAD110513CQ0) , 
Volume  IV,  Part  2.  AFWAL-TR-84-4020 

This  document  assesses  the  "AS  IS"  manufacturing  environmer*-  shortcomings 
with  respect  to  the  quality  assurance/quality  control  requirements  and  tasks. 
Needs  are  analyzed  in  terms  of  human  factors  issues  and  cost/perf onuance 
drivers.  The  major  needs  categories  are  comprised  of  specific  need 
descriptions.  The  categories  utilized  are:  integration  of  quality  assurance, 
QA/QC  equipment,  QA/QC  information  handling,  technical  skills,  and  software 
quality  assurance.  The  coalition  prioritized  the  needs  overall,  as  well  as 
within  each  category,  based  on  anticipated  benefits  to  be  derived  from  systems 
improvements . 

(3)  Task  D  -  System  Environment  Docment  (SEP),  "Quality  Assurance/ 
Quality  Control  Technical  Requirements  Tasks,"  31  August  1982. 
(SED110513000) ,  Volume  IV,  Part  3.  AFMAL-TR-84-4020 

This  document  presents  the  IDEF0  and  IDEF1  factory  and  composite  view 
models  which  describe  the  Quality  Assurance/Quality  Conti ol  activities  and 
related  information  in  today’s  aerospace  manufacturing  environment.  These 
models  provide  a  broad  baseline  understanding  of  "AS  IS"  QA/QC  functions  and 
serve  as  a  foundation  for  developing  computer  integrated  QC  systems.  The 
models  were  designed  to  be  integrated  into  the  DES0  end  MFG0  architecture, 
as  appropriate.  The  information  model  concentrated  in  six  key  quality  areas 
and  added  valuable  insight  and  information  to  the  understanding  of  quality 
activity  modeling.  Twenty-five  activity  classes  and  twenty-four  key 
attributes  were  identified  as  a  result  of  this  effort. 
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( 4 )  Task  D  -  Systems  Requirements  Document  (SRD).  "Quality 
Assurance/Quality  Control  Technical  Requiremants/Tasks 24 
September  1932.  (SRD110513000) .  Volume  IV.  Part  4.  AFWAL-TR-84-4020 

This  document  identifies  a  series  of  improvement  concepts  that  address  the 
integrated  factory  QA/QC  environment.  It  also  provides  the  system  require¬ 
ments  that  must  be  satisfied  which  will  serve  as  a  basis  for  understanding 
what  is  to  be  accomplished  if  the  needs  are  met  and  a  basis  for  tracking 
future  implementing  programs. 

(5)  Task  D  -  Architecture  for  Product  Assurance.  "Quality 
Assurance/Quality  Control  Technical  Requirements/Tasks , '*  10  January 
1984.  (TTD110513000) ■  Volume  IV,  Part  5.  AFWAL-TR-84-4020 

This  document  presents  the  findings  of  the  coalition  in  providing  a 
working  model  whose  benefits  go  beyond  aerospace  boundaries  to  establish 
applications  in  virtually  every  manufacturing  situation.  It  provides  a 
technology  baseline  for  assessing  and  planning  modernization  and  integration 
of  Product  Assurance  in  today's  manufacturing  environment.  It  becomes  a 
starting  point  for  a  manufacturer  to  assess  his  current  situation  and  to 
determine  what  steps  should  be  taken  to  assure  quality  and  productivity 
increases  throughout  the  entire  manufacturing  cycle,  from  design  and 
engineering  to  finished  product  and  field  use. 

( 6 )  Task  D  -  Product  Assurance  Program  Standard,  "Quality 
Assurance/Quality  Control  Technical  Requirements/Tasks.”  18  August 
1982.  (ISP110513000) ■  VOLUME  IV.  Part  fe.  AFWAL-TR-84-4020 

This  document  includes  considerations  for  integrated  automated  management 
and  production  systems  applicable  to  current  and  near  future  manufacturing 
environments.  Background  and  other  supporting  material,  including  approach 
and  survey  results,  are  also  presented.  Three  paths  were  explored  to  help 
define  the  requirements  for  this  standard.  First,  an  in-depth  review  of 
applicable  military,  government,  and  industry  QA/QC  publications  was  made. 
Second,  the  Understand  the  Problem  document  was  referenced  for  usable  elements 
of  standards  ramifications.  Finally,  the  coalition  solicited  feedback  from 
government  and  industrial  sources  on  current  and  anticipated  future 
requirements.  Together,  this  data  comprised  the  information  for  this  document 

4 . 2  Displays 

An  ICAM  Industry  Day  display  booth  was  designed  as  part  of  the  ICAM 
Conceptual  Design  for  Computer  Integrated  Manufacturing  project.  The  design 
was  reviewed  by  the  Air  Force  PMO  and  revised  in  accordance  with  their 
comments.  This  display  was  finalized  and  set-up  at  the  Sixth  Annual  ICAM 
Industry  Days  held  17-20  January  1983  at  the  Marriott  New  Orleans  Hotel  in  New 
Orleans,  Louisiana.  This  display  has  been  used  at  the  following  locations: 
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o  MTAC,  Orlando,  Florida 

o  Boeing  Military  aircraft  Company,  Wichita,  Kansas 

o  Headquarters  Aeronautical  Systems  Division,  Wright-Patterson  AFB,  Ohio 
o  Texas  ASM  University,  College  Station,  Texas 
o  End-of-Contract  debriefing,  Dallas,  Texas 
o  LTV  Aerospace  and  Defense  Company,  Dallas,  Texas 

Photographs  of  the  display  are  shown  in  Volume  V,  Appendix  F  of  the  Final 
Technical  Report. 

4.3  Ordering  Approved  Life  Cycle  Document 

Use  the  Request  Order  Forms  at  the  end  of  this  volume  to  request  copies  of 
the  Approved  Life  Cycle  Documents.  Send  requests  to: 

ICAM  Program  Library 
AFWAL/HLTC 

Wright-Patterson  AFB,  Ohio  45433 

The  Final  Technical  Report,  AFWAL-TR-84-4020 ,  can  also  be  requested  from 
the  Defense  Technical  Information  Center  (DTIC).  Send  requests  to: 

DTIC 

DDR-1 

Cameron  Station 
Alexandria,  VA  22314 
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APPEHDIX  A 

FACTORY  OF  THE  FUTURE  CONCEPTUAL  FRAMEWORK  REVIEW 

Ambassador  Room 
Daytonian  Hilton 
Dayton,  Ohio 
4-5  May  1983 


This  appendix  contains  the  results  of  a  Factory  of  the  Future  Conceptual 
Framework  Review  of  Project  1105  conducted  by  a  "Super  Coalition"  of  noted 
manufacturing  and  computer  experts  conducted  at  Dayton,  Ohio,  4-5  May  1983. 

This  appendix  was  originally  published  as  part  of  Interim  Technical 
Report,  ITR110510007U,  dated  15  July  1983.  Because  ITR110510007U  will  not  be 
published  further  for  general  distribution  and  the  importance  of  the  review, 
it  is  repeated  here  for  the  convience  of  the  reader. 
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3-0  TASK  B  REVIEW  MEETING  FACTORY  OP  THE  FUTURE 


i  ■ 


3.1 


AGENDA 

FACTORY  OF  THE  FUTURE  CONCF.PTUAI  FRAMEWORK 
REVIEW 

AMBASSADOR  ROOM 
DAYTON I AN  HILTON 
DAYTON,  OHIO 


OBJECTIVES: 

1.  Provide  &  summary  of  Task  B  to  establish  the  basis  for  analysis 
of  these  results  by  the  review  team. 

2.  Based  upon  the  review  and  received  documentation,  have  the  review  team 
assess  task  results,  and  identify:  areas  of  agreement,  areas  of 
concern  and,  if  required,  additional  areas  for  consideration. 

3.  Have  each  review  team  provide  a  written  report  on  their  position  by  20 
Kay  1983.  This  report  should  emphasize  suggestions  for  improving  the 
concepts  being  developed  by  the  Task  B  coalition. 

Wednesday.  May  4,  1983 

Capt.  R.  R.  Preston 
ICAM  PMO 

D.  L.  Norwood 
Vought  Corporation 


A.  W.  Snodgrass 
D.  Appleton  Co.,  Inc. 


R.  L.  Moraski 
Vought  Corporation 

R.  L.  Diesslin 
IIT  Research 
Insti tute 


8:30AM 


Welcome  and  Introductions 


8:45AM 

9:25AM 

10:10AM 

10:25AM 

11:20AM 


Project  1105  Overv:  w 
and  F0F  Conceptual  Frame¬ 
work  Scope 

FOP  Conceptual  Framework 
Needs  Analysis 

Break 

FOF  Conceptual  Framework 
Requirements 

FOF  Conceptual  Framework 
State-of-the-Art  Investigation 


12 :OONOON 


Lunch  Break 
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AGENDA 

FQF  Coalition  Meeting 
4-5  May  1933 
Page  2 


Wednesday.  May  4.  1983  (continued) 

1:00PM  Working  session  to  provide 

the  Review  Team  the  opportunity 
to  discuss  Task  B  and  formulate 
suggestions  for  improvement. 
This  session  will  concentrate 
on  the  requirements  for  the 
Factory  of  the  Future. 


2:15PM 

Break 

2:30PM 

Working  session  continued 

5:00PM 

Adjournment 

Thursday.  Mav  5. 

1983 

8: 30AM 

Open  discussion  on  the 
Conceptual  Framework 
for  the  FOF 

All  attendees 

10:30AM 

Break 

10:45PM 

Review  of  the  working 
session  based  upon 
the  open  discussion  inputs 
and  further  reflection. 

Review  Tesm 

12 : OONoon 

Lunch  Break 

1:00PM 

Recommendations  for  next 
meeting 

R.  L.  Moraski 
Vought  Corporation 

H.  Buffuru 
J.  Harrington 
J.  Lardner 
W.  Skinner 
R.  Spears 


2 : COPM 


Adjournment 


3.2  Attendanea  List 


NAME 


Rick  Preston 
ICAM  Project  Mgr 

Harvey  Buffum 


Don  L.  Norwood 

Dick  Spears 

A.  Wayne  Snodgrass 

Vice-President 

DACOM 

Laurence  0.  Ward 
Northrop  Corp. 


Ken  Lillie 
Program  Manager 

Carol  Born 
Industry  Fellow 

Gerald  Shumaker 
Tech  Area  Manager 

James  F.  Lardner 
Deere  &  Co. 


Gary  Haug 
ICAM  PMO 
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ATTENDANCE  LIST 

\ 

1105  Industry  Review  Meeting 
Daytonian  Hilton,  Dayton,  Ohio 
4-5  May  1983 

COMPANY  &  BUSINESS  MAIL  STOP/  TELEPHONE 

MAILING  ADDRESS  SYMBOL 


AFVAL/HLTC 
WPAFB ,  OH  45324 

H.  E.  Buffum  Co. 

5439  So.  Hudson 
Seattle,  WA  98118 

Vought  Corp. 

Boeing  Computer  Services 

D.  Appleton  Co.,  Inc. 
1104  Highland  Avenue 


Manhatten  Beach,  CA  90260 

Northrop  Corp. 

One  Northrop  Ave. 

Hawthorne,  CA 

213/970-5667 

AFVAL/HLTC 

513/255-6976 

WPAFB,  OH  45433 

AFVAL/HLTC 

WPAFB,  OH  45433 

513/255-6976 

AFWAL/KLTC 

WPAFB,  OH  45433 

513/255-6976 

Deere  &  Co. 

John  Deere  Road 

Moline,  IL  61265 

309/752-5988 

AFVAL/HLTC 

WPAFB 

513/255-6976 

513/255-7371 

725-5040 

293-6227 

214/266-5549 

316/526-2612 

213/318-2451 
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NAME 


Rich  Diesslin 
IITRI 

Joseph  Harrington,  Jr. 
Arthur  D.  Little,  Inc. 

Ken  Mehlhope 
Cincinnati  Milacron 


COMPANY  &  BUSINESS  MAIL  STOP/ 

MAILING  ADDRESS  SYMBOL 


10  W  35the  Street 
Chicago,  IL 

Acorn  Park 

Cambridge,  Mass  02140 

4701  Marburg  Ave. 
Cincinnati,  OH  45209 
APKL  WPAFB,  OH 


TELEPHONE 


312/567-4000 

617/864-4770 

*5431 

513/255-6976 


Wickham  Skinner 


Box  282  B 

St.  George,  ME  04857 


207/372-6219 
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3.3 


PROJECT  PRIORITY  1105 
TASK  B  F.O.F.  INDUSTRY  REVIEW 
DAYTON IAN  HILTON,  DAYTON,  OHIO 
04  to  05  May,  1983 


Attachment  (A) 


The  Project 

Priority  1105,  Task  B  Factory  of  the  Future  Industry  Review  was  held  at  the 
Daytonian  Hilton  from  04  to  05  May,  1983.  Attendees  at  this  meeting  were,  as 
follows : 


Coalition  Members: 


Panel  of  Experts : 


Mr.  D.  Norwood,  Vought  Corp.  Dr.  J.  Harrington,  Consultant 

Mr.  R.  Moraski,  Vought  Corp.  Mr.  H.  Buffura,  Consultant 

Mr.  R.  Neal,  Vought  Corp.  Dr.  W.  Skinner,  Harvard  Business  School 

Ms.  B.  Davis,  D.  Appleton  Co.  Mr.  J.  Lardner,  John  Deere  &  Co. 

Mr.  W.  Snodgrass,  D.  Appleton  Co.  Mr.  R.  Spears,  Boeing  Computer  Services 
Mr.  L.  Ward,  Northrop 
Mr.  R.  Diesslin,  IITRI 


[CAM  PMO 


Capt.  Richard  Preston 
Mr.  K.  Lillie 
Mr.  J.  Schumaker 
Mr.  K.  Mehlhope 
Ms.  C.  Born 
Mr.  G.  Haug 


The  meeting  was  convened  by  Capt.  Richard  Preston,  Project  Leader,  U.S. 
Air  Force  ICAM  Program  Office.  Capt.  Preston  welcomed  the  participants  of  the 
meeting,  particularly  the  industry  experts  who  had  been  invited  as 
representatives  of  the  executive  management  level  of  industry  and  who  would 
provide  input  to  the  Factory  of  the  Future  Project  whose  approach  is  to 
address  factory  management  from  the  executive  level  to  the  center  level. 


Don  Norwood,  Program  Manager,  presented  an  executive  summary  of  the 
objectives  and  approach  of  the  entire  1105  Project.  His  presentation  was 
followed  by  more  detailed  reviews  of  the  documentation  which  was  being 
assessed  e.t  this  meeting.  Specifically,  A.  Wayne  Snodgrass  reviewed  the  Needs 
Analysis  document;  R.  Moraski  reviewed  the  System  Requirements  Document;  and 
Richard  Diesslin  reviewed  the  State- of-the-Art  Document. 


The  remainder  of  the  day  was  an  open  forum  discussion  which  allowed  the 
panel  of  experts  to  express  their  thoughts  regarding  the  work  which  had  been 
performed  to  date  and  their  recommendations  regarding  future  direction  of  the 
program. 
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These  discussions  were  continued  during  the  following  day's  session. 
Both  Air  Force  participants  and  coalition  members  were  given  the  opportunity 
to  share  their  observations  and  concerns. 

The  following  meeting  minutes  represent  pertinent  conanents  which  were 
made  during  the  meetiug.  In  order  to  facilitate  their  readability,  these 
comments  have  beer,  categorized,  as  follows: 

-  Program  approach 

-  Documentation:  General  Comments 

-  Documentation:  Specific  Comments 

-  Documentation:  Future  P.ecoramendat ions 

-  Marketing  the  Technology 

It  was  generally  concluded  by  both  the  panel  and  Air  Force  that  a  very 
credible  piece  of  work  had  been  achieved  by  the  coalition  members  and  that 
future  work  should  focus  on  a  strategy  to  market  the  program's  achievements. 


Program  Approach 


o  The  project  is  to  develop  a  credible  model  of  a  major  set  of  integrated 

systems  that  can  design  and  manufacture  products  more  accurately  and  at  a 
reduced  cost.  The  approach  should  be  from  a  systems  basis,  i.e.,  say 
what  you  want  to  see.  Also,  the  system  should  be  designed  to  handle  data 
from  design  conception  to  logistics.  Lastly,  define  the  environment  in 
which  that  system  can  operate  (Jim  Lardner) 

o  Many  decisions  to  invest  in  technology  are  being  made  or  are  not  being 
made  for  financial  reasons.  The  internal  reward  systems  are  not 
responsive  to  long-term  risk  taking.  In  addition,  people  don't  work 
necessarily  for  the  company  for  six  years.  Younger  people  tend  to  move 
on.  We,  therefore,  must  address  ourselves  to  internal  management  systems 
(Wickham  Skinner) . 

o  Plan  is  referenced  with  bottoms  up  implementation.  Bottoms  up  method  of 
systems  development  will  not  work  and  cannot  be  tolerated.  Must  have  an 
overall  plan  (Harvey  Buffum). 

o  "Top  down/Bottoms  up"  means  macro  to  micro.  Each  micro  change  must  fit 
into  a  macro  plan.  Macro  implementation,  however,  will  produce  total 
chaos.  Or.e  cannot  macro  implement.  Must  change  a  large  thing  bit  by 
bit.  The  inertia  of  invested  capital  is  tremendous  so  you  change  a  piece 
of  it  at  a  time.  Must  respect  the  science  of  manufacturing  (Joe 
Harrington) . 
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There  are  three  kinds  of  decision  making  in  an  organization: 

(a)  structured,  i.e.,  feeds  and  speeds  where  there  is  a  real 
application  for  the  computer. 

(b)  semi-etructured ,  i.e.,  trends  etc.,  where  the  application 
of  the  computer  may  be  helpful. 

(c)  un-structured ,  where  the  computer  can't  help  at  all. 

The  system  should  speak  to  structured  decisions  (Jim  Lardner) . 

Information  flow  will  be  the  key.  IRM  will  work.  It  is  the  future 
environment.  Systems  should  be  built  to  support  program  management  (Dick 
Spears) . 

The  goals  of  the  needs,  such  as  reduced  cost,  improved  quality,  customer 
services,  flexibility,  and  human  resource  management  are  not  necessarily 
met  by  super  integration.  Need  some  good  old-fashioned  execution. 

That's  what  the  Japanese  do.  The  use  of  computers  and  integration 
results  in  complexity.  Thrust  is  towards  massive  and  total  systems.  Not 
certain  this  is  correct.  What  is  its  purpose?  Is  the  project’s  purpose 
educational?  If  so,  what  else  is  necessary?  How  do  you  teach  these 
concopts  to  a  culture  of  managers  and  technical  people?  (Wickham 
Skinne.) . 


Documentation:  General  Comments 

The  System  Requirements  Document  is  more  realistic  than  any  other  ICAM 
documentation  depicting  what  the  aerospace  industry  really  thinks  and 
understands.  The  Documents  have  depicted  the  aerospace  industry  problems 
(Harry  Buffum) . 

Brilliant  piece  of  work.  So  complete  it  represents  a  checklist  and  logic 
as  to  how  to  look  at  factory  and  factory  systems.  NAD  is  terrific, 
however,  some  misgivings  whether  the  documentation  can  be  used  for 
meeting  its  intended  need.  The  process  of  helping  industry  in  this 
country  realize  the  factory  of  the  future  goes  a  lot  further  than  the 
best  schemes,  and  best  models,  checklists,  and  analyses  (Wickham  Skinner). 

A  commendable  job.  Much  work  and  good  solid  thinking  (Joe  Harrington). 

Good  documents.  Impressed  with  approach,  especially  in  the  IRM  area 
(Dick  Spears) . 
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o  Needs  analysis  document  is  well  done.  Good,  nrogroimnatic  view  in  that  a 
need  equated  to  a  deficiency  or  void.  In  Systems  Requirements  Document, 
coalition  has  done  a  good  job  of  identifying  the  systems  requirements, 
but  should  sort  out  and  prioritize  the  requirements  (Jim  Lardner). 

o  Life  cycle  documents  have  given  structure  to  the  program.  They 

communicate  the  projects  accomplishments  to  other  enterprises  (Capt. 
Richard  Preston). 


Documentation:  Specific  Comments 


Needs  Analysis  Document 

Human  Integration,  i.e.,  getting  humans  to  work  with  the  computer  is  not 

mentioned  in  the  NAD  (Joe  Harrington). 

Systems  Requirement  Document 

o  System  Requirements  Document  is  too  large  to  be  considered  an  effective 
sales  tool.  There  is  a  need  to  identify  benefits  and  cost  savings  (Ken 
Hehlhope) . 

o  Too  much  philosophy  in  the  System  Requirements  Document.  Must  pull 
requirements  out  of  the  philosophy,  such  that  the  requirements  are 
clarified  (Capt.  Richard  Preston). 

o  System  Requirements  Document  needs  to  address  in  much  greater  detail,  the 
configuration  management  which  has  in  the  past  been  a  most  disastrous 
failure  in  building  weapon  systems.  Industry  must  know  the  exact 
configuration  of  each  airplane  over  its  life  of  20  years  and  i3  faced 
with  finding  a  method  of  keeping  data  containing  many  system  and 

configuration  changes.  Configuration  Management  must  be  a  key  part  of 
top  down  planning.  The  configuration  control  thread  i3  not  apparent  in 
the  SRD  and  needs  to  be  addressed  more  thoroughly  (Harvey  Buffum) . 

o  Management  and  political  issues  should  be  addressed  more  strongly  since 
computers  are  used  for  political  reasons  (50%),  logical  reasons  (25%), 
and  data  moving  (25%)  (Dick  Speers). 

o  System  Requirements  Document  has  done  a  good  job  in  identifying  the 

requirements,  but  these  requirements  must  be  sorted  out.  Some  of  the 
requirements  are  more  of  a  management  problem  as  opposed  to  a  systems 
problem.  Others  will  bo  critical  to  an  information  resource  management 
structure  which  can  operate  a  "Factory  of  the  Future"  (Jim  Lardner). 


FTR110510000U 
29  June  1984 


o  The  word  factory  is  sn  abused  term.  Should  use  the  work  enterprise  when 
talking  about  the  entire  organisation  <Joe  Harrington) . 

o  System  acquirements  Document  reflects  Independence  from  one  another. 

It' 3  a  quick  compilation  of  group  results. The  Product  Assurance  section 
doesn't  tune  into  the  designing  in  of  quality,  but  rather  focuses  on 
quality  processes  in  the  manufacturing  operation.  Quality  Assurance  must 
have  a  front  end  invested  effort  (i.e.,  procedures,  configuration 
management).  Must  be  included  in  definition  planning  and  design  phases. 
The  Factory  of  the  Future  planning  must  recognize  that  QA  fits  in  upfront 
(Capt.  Richard  Preston). 

o  Design  and  manufacturing  must  work  together,  but  maintain  independence  as 
to  responsibility  so  that  decisions  are  not  forced  to  one  managers 
viewpoint  (group  discussion). 

o  Sort  out  real  system  requirements  which  are  going  to  be  essential  to  data 
flows  that  manage  the  derivation  and  integration  of  data  into 
information.  Data  and  information  are  not  the  same  thing.  Systems  use 
data  to  provide  information  (Jim  Larder). 

State-of-the-Art  Document 

Disappointed  with  the  SOA  as  presented  and  prepared.  There  are  many 
managerial  issues  which  must  be  addressed.  One  3uch  example  is  the  necessity 
of  &  new  approach  to  financial  management  or  ROI  (Jim  Lardner). 

The  life  cycle  of  manufacturing  process  and  software  process  are  in 
parallel.  The  secret  is  in  the  building  of  data  bases  (Spears). 


Documentation:  Future  Recommendations 


o  General 

o  You  need  simple  examples,  some  numbers,  some  data,  economics,  and  case 

histories.  Utilize  graphics  to  show  what  is  better;  how  would  you  know; 
what  is  integration  (Wickham  Skinner) 

o  Need  color  brochure  or  a  good  sellable  package  to  convince  the  champions 
(Ken  Lillie) 

System  Specification 

o  Within  each  company  there  will  exist  different  data  and  different 
systems.  Use  an  example  which  depicts  current  Systems  and  the 
relationship  of  data.  Show  the  transition  from  one  company's  present 
condition  to  the  factory  of  the  future  in  1995  (Harvey  Buffum) . 
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o  We’re  looking  for  a  credible  i.iodel  or  a  major  set  of  generic  strategy. 
Should  simplify.  Trying  to  say  too  much.  Should  suggest  a  particular 
organizational  structure.  The  old  organization  structure  is  based  on 
limitation  of  information.  Should  rethink  the  organizational  structure 
(Wickham  Skinner). 

o  Pull  out  requirements  and  categorize  requirements  because  not  all  the 

requirements  can  be  addressed  by  systems  (Jim  Lardner).  Categories  are 
as  follows: 

(1)  Requirements  which  can  be  addressed  by  SOA  technology  systems, 
manipulation  or  resolution  of  an  information  problem 

(2)  Requirements  which  mu6t  be  addressed  by  a  change  in  management 

(3)  Requirements  for  which  we  need  to  do  more  research 

(4)  Requirements  for  which  technology  does  not  yet  exist  (Jim 
Lardner) 

Implementation  Strategy  Report 

o  The  report  should  be  a  dissertation  on  how  to  transmit  a  credible  image 
to  potential  users  (Joe  Harrington). 

o  Need  to  examples,  such  as  "here’s  ^  way  to  do  it  or  to  think  about  it". 

An  executive  summary  sort  of  thing  (Wickham  Skinner). 

o  There’s  a  need  to  lay  out  some  type  of  scenario  that  will  fit  within  the 
implementation  strategy.  We  need  an  example  company  from  which  we  can 
reflect  how  business  is  accomplished  and  how  company  will  be  able  to 
build  future  operations  using  what’s  been  developed  on  this  program 
(Capt.  Richard  Preston). 

o  Identify  how  a  company  operates  from  a  systems  viewpoint.  A  scenario 

case  Apply  developments  from  this  project  to  that  scenario  case  and  build 
upon  it  (Harvey  Buffum) . 

o  Possibly  expand  Ingersoll  Case  study. 

o  We  need  a  macro  view  of  what’s  going  to  be  different  between  today’s 

operations  and  future  operations.  Key  in  on  those  major  areas  of 
change.  Develop  scenarios  to  discuss  differences.  Look  at  successful 
implementors  of  change.  Define  what  are  the  implementation  steps.  Make 
clear  assessment  of  these  enterprises  (books  could  be  helpful).  Look  at 
companies  who  have  moved  the  farthest.  Look  at  the  organizational 
changes.  What  was  the  role  of  top  management.  What  role  did  CEO  have  in 
addressing  resistance  to  organizational  change.  Also,  look  at  failures 
to  see  what  were  the  causes  (Carol  Born) . 
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We  need  something  to  promote  the  results  of  this  project  which  will 
motivate  readers. 

Implementation  strategy  should  contain  signposts  or  definite  goals  to  be 
achieved  each  year  (Ken  Lillie). 

Define  mechanism  of  technological  evolution  (Wickham  Skinner). 

Implementation  ought  to  be  carried  out  in  a  novel  manner.  We’ll  be 
breaking  down  new  ground  (Joe  Harrington) . 


Marketing  the  Technology 

Present  State-of-the-Art  Technology  may  be  a  real  handicap.  Islands  of 
technology  are  available,  but  the  integration  technology  to  put  it  all 
together  is  not  available.  A  possible  cause  of  this  technology  void  may 
be  the  lack  of  demand  for  integration  technology.  Simply,  the  management 
market  is  not  ready.  Therefore,  the  technology  hasn't  been  developed 
(Wickham  Skinner  et  al). 

There’s  a  marketing  job  to  convince  management  that  you  must  do  it  (Jim 
Lardner) . 

There's  a  critical  need  to  sell  what  we  have  now  (Harvey  Buffum) . 

If  we  are  to  meet  Factory  of  Future  objectives,  IRM  will  demand  senior 
management  attention. 

Advantages  of  new  technology  are  not  in  old-fashion  productivity  or  cost 
savings.  New  technology  will  be  adapted  for  flexibility  so  that  more 
engineering  changes  can  be  made,  more  models,  and  more  customer  specials 
with  snorter  lead  times.  To  focus  on  productivity  in  a  broad  sense  may 
be  counter-productive.  Too  hipped  on  productivity.  "Competitivity"  may 
be  a  better  term.  In  other  words,  we  should  stress  competitiveness 
(Wickham  Skinner) . 

CEO  needs  to  understand  the  strategic  issues  and  the  competitiveness,  not 
the  technology  (Jim  Lardner). 

Managers  don’t  always  know  what  information  they  need  or  how  to  use  it. 
There  is  a  tremendous  job  of  educating  the  manager,  especially  since 
there's  been  a  lack  of  management  involvement  in  the  process  (Jim 
Lardner) . 
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o  There's  &  significant  problem  in  setting  manufacturing  management  people 
to  understand  the  problem  and  the  needs.  This  lack  of  understanding  will 
not  be  resolved  by  bringing  these  managers  to  a  conference  because 
directors  will  not  ask  questions  in  front  of  their  staff,  as  they  will 
not  want  to  expose  their  lack  of  background.  The  selling  job  must  be 
done  on  a  one  to  one  basis.  It  will  remain  difficult  to  communicate  with 
directors  until  this  is  accomplished.  We  must  also  reach  their  technical 
advisors,  i.e.,  manufacturing  management  <Harvey  Buffum) . 

o  The  one  on  one  approach  is  insightful.  Do  we  change  people  through 
documentation,  models,  or  deductive  thinking?  People  will  have  to 
develop  the  concepts  themselves  (Wickham  Skinner) . 

o  If  you  wish  to  sell  Computer  Integrated  Manufacturing  to  Industrial 
People,  the  ultimate  transmission  of  information  and  conviction  of  a 
buyer  is  done  on  a  one  to  one  basis.  Make  500  slides  and  call  out  a  set 
of  slides  which  fit  customer  needs,  i.e.,  tailor  the  slide  show  to  the 
individual.  In  such  a  way,  we  can  attempt  to  transfer  a  full  blown 
concept  of  a  credible  vision  of  what  the  factory  in  1995  will  be  to  the 
user  (Buffum/Karrington) . 

o  How  can  we  get  people  to  listen  to  us?  How  do  we  transfer  technology? 

10%  -  creators  of  software,  leaders  and  inventors  of  new  technology 
20%  -  early  adapters,  gamblers,  if  it  looks  good 

30%  -  late  adapters,  if  it  works  completely,  will  buy  it  off  the  shelf 

40%  -  reluctant  dragons  who  will  adopt  only  as  an  answer  to  bankruptcy 

It  seems  probable  that  it  is  the  20%  early  adapters  which  the  coalition 
wishes  to  reach.  We  need  to  reach  the  Director  of  Operations  or  the  Vice 
Presidents  of  Operations  who  will  really  control  where  those  companies  go 
and  who  are  technical  advisors  to  the  Chief  Executive  Officers.  We  need 
a  champion  in  the  company  to  make  it  fly  (Joe  Harrington). 

3 . 4  Comments,  James  F.  Lardner,  VP  Deere  &  Company 

This  section  contains  the  letter  written  by  James  Lardner  to  the  1105 

coeltion  concerning  the  meeting  in  Dayton,  Ohio,  on  the  4-5  May  1983. 
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JAWS  r  LAAOME* 

V<*  Pr9%^9nt 


3  June  1983 


Mr.  Don  L.  Norwood 
Vought  Corp. 

P.  O.  Box  225907 
Dallas,  TX  75265 

Dear  Don: 

1  am  sorry  that  I  have  not  responded  to  your  request  for  comment  earlier. 
After  our  meeting  in  Dayton  on  4-5  May  I  had  intended  to  get  this  letter 
off  immediately.  Obviously  other  things  interferred  which  prevented  that. 

In  thinking  over  the  things  that  I  believe  need  to  be  consiuercd  as  you  refine 
your  Systems  Requirement  Document,  there  are  three  areas  that  come  to 
mind.  The  first  is  that  to  achieve  Computer  Integrated  Manufacturing  and 
the  Factory  of  the  Future  we  absolutely  must  address  the  data  management 
problem.  I  think  that  in  general  your  coalition  has  done  a  good  job  of 
identifying  the  majority  of  the  elements  involved  in  this  problem.  I  do 
not  think,  however,  that  the  problem  itself  is  stated  clearly  enough  for 
those  who  are  not  closely  involved  to  understand  what  it  is  that  all  of  the 
systems  effort  is  expected  to  accomplish.  I  am  thinking  particularly  of 
senior  manufacturing  executives,  corporate  officers,  government  decision 
makers,  and  so  on. 

While  your  diagram  entitled.  Factory  Of  The  Future  Framework,  used 
throughout  your  presentation  to  illustrate  Needs,  is  an  excellent  start 
I  think  it  could  stand  considerable  refinement  to  distinguish  more  clearly 
between  the  data  management  problem  and  the  specific  use  of  data  to 
manage  and  control  the  transformation  operations.  An  NC  program  is 
basically  a  highly  distilled  data  set  derived  from  a  much  larger,  broader 
set  or  sets,  most  of  which  also  serve  many  other  needs.  It  is  managing 
the  process  of  creating,  transforming,  deriving,  interpreting,  transmitting, 
refining  and  distilling  data  that  is  going  to  be  the  key  to  integration.  I 
think  more  work  needs  to  be  done  in  this  area. 

The  second  point  of  concern  is  the  unevenness  of  problem  identification, 
statement  of  functional  needs  and  system  requirements.  A  large  portion 
of  this  is- very  well  done  but  there  is  an  important  lack  of  specifics  in  many 
areas.  I  recognize  that  at  this  stage  of  the  project  there  is  still  a  great 
deal  to  be  defined,  but  a  number  of  objectives  listed  as  systems  requirements 
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are  far  more  manag>  ment  dependent  than  system  dependent.  There  are 
also  some  objectives  listed  under  system  requirements  for  which 
insufficient  technical  knowledge  is  available  to  satisfy  them.  Sooner  or 
later  this  fact  will  have  to  be  recognized  where  it  affects  systems  design. 

My  third  concern,  under  functional  needs  and  systems  requirements,  is 
that  1  am  not  sure  that  all  of  the  functional  needs  that  are  listed  represent 
the  "to  be"  situation.  In  our  experience  at  John  Deere  we  have  found  that 
establishing  needs  on  the  basis  of  what  people  are  doing  today  is  a  poor  way 
to  approach  the  problem.  Where  we  have  been  successful  is  where  we  have 
determined:  First  —  what  is  it  people  are  trying  to  do:  Second  —  should  they 
really  be  trying  to  do  that  or  should  they  be  doing  something  else?  Third  — 
once  it  has  been  determined  what  people  should  be  doing,  it  is  necessary 
to  establish  the  best  way  to  get  it  done.  We  are  so  bound  by  the  world 
around  ua  that  it  is  often  difficult  to  recognize  the  problems  we  are 
solving  should  never  have  existed  to  begin  with.  This  suggests  that  the 
Manufacturing  Architecture  (which  most  people  agree  is  generic)  is  the 
proper  basis  for  your  approach  to  the  Fac*  ~y  of  the  Future  to  make  sure 
you  aren't  solving  problems  that  manufacturing  organizations  have 
invented  and  which  are  not  really  part  of  Manufacturing. 

My  final  concern  is  the  increasing  evidence,  in  all  parts  of  the  ICAM 
program,  that  knowledge  gained  from  the  research  done  in  other  projects 
is  not  being  applied  sufficiently  in  associated  or  derivative  projects.  I 
cannot  emphasize  too  strongly  that  the  PDD1  project  is  a  critical  element 
in  the  entire  problem  of  data  manipulation  for  manufacturing  and  it 
deserves  your  earnest  attention. 

I  hope  these  comments  will  be  of  some  help.  I  will  be  glad  to  discuss  any 
of  them  with  you  if  you  feel  that  would  be  worthwhile. 


Yours  truly. 
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3 . 5  Comments.  Wickham  Skinner.  Harvard  Business  School 

This  section  contains  the  letter  of  comments  written  by  Wickham  Skinner 
to  the  1105  coalition.  Mr.  Skinner  attended  a  briefing  of  the  1105  project  on 
4-5  Bay  1983. 
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May  20,  1933 


Mr.  Robert  Moraskl 
FOF  Project  Manager 
Vought  Corporation 
P.  0.  Box  225907 
Dallas,  Tetas  75265 

Dear  Cob, 

1  enclose  consents  and  suggestions  concerning  "Task  B: 
Establishment  of  the  Factory  of  the  Future  Conceptual  Framework." 

This  report  Is  submitted  with  great  respect  for  the  massive  and 
thoughtful  efforts  invested  by  you  and  your  colleagues  In  this 
challenging  project.  Since  my  assignment,  however,  vas  to  "emphasise 
suggestions  for  Improving"  thl3  document,  1  have  allotted  more  space 
to  such  suggestions  and  ideas  than  to  compliments,  much  as  they  are 
deserved. 

Please  call  or  write  If  you  have  questions. 


WS/stl 

Enclosures 
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The  "Task  B"  document  is  a  remarkable  achievement.  It  is  an 
extraordinary  collection  which  lists  the  tasks  involved  in  manu¬ 
facturing  and  verbally  and  pictorially  diagrams  their  multitude  of 
interconnections,  internal  dependencies,  anc  logical  relationships. 
As  such  tt  appears  to  be  an  extraordinarily  complete  taxonomy  and, 
based  upon  its  clearly  ambitious  objectives  as  to  completeness  and 
realism,  it  cannot  be  considered  anything  but  an  outstanding 
success. 

In  particular  the  document  makes  a  superb  and  indeed  unicue 
contribution  toward  a  new  understanding  of  the  factory  as  a  data 
processing  system  rather  than  as  an  essentially  physical  operation 
which  transforms  materials  Into  products.  In  this  sense,  the 
document’s  key  contribution  to  the  "factory  of  the  future"  is  t'i3t 
one  powerful  idea. 

The  idea  is  of  key  importance:  if  managers  and  engineers  are. 
to  take  advantage  of  newly  available  technology  and  conceive, 
build,  and  successfully  operate  radically  new  factories  which  out¬ 
perform  the  factory  of  today,  they  must  change  the  present  mind 
set.  The  present  mind  set,  established  two  hundred  years  ago  by 
new  sources  of  power  and  mechanical  machinery  in  the  Industrial 
revolution  and  reinforced  by  Frederick  Taylor  and  generations  of 
cost  conscious  managers,  conceives  of  the  factory  as  a  "produc¬ 
tivity  machine"  for  transforming  materials  into  products.  ‘Jith 
this  premise  the  factory  is  planned  for  minimum  direct  production 
costs  and  governed  by  the  principles  of  industrial  engineering  and 
Concepts  of  "efficiency." 

It  is  this  seductive  and  habitual  pattern  of  thinking  which 
is  not  only  directly  causing  problems  today!-  but  holding  back 
progress  in  practical  innovation  leading  to  radical  changes  needed 
for  a  "factory  of  the  future."  When  the  factory  is  perceived  by 


1.  Today's  problems  Include  poor  quality,  high  overhead  and  Indirect 
costs,  work  force  management  tensions  and  conflicts,  lengthy  lead 
times,  excessive  inventories,  shortages  of  skilled  workers,  the 

unattractivencss  of  the  factory  to  outstanding  young  people,  and 
the  generally  low  esteem  of  the  working  population  for  the  factory 
as  an  institution  in  which  to  invest  one’s  career. 
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Investors  and  managers  as  •»  superbly  designed  and  coordinated  data 
processing  operation  to  be  used  as  a  strategic  competitive  resource 
it  will  be  designed,  equipped  and  managed  altogether  differently 
than  in  the  past.  This  Task  B  document  may  help  many  readers  to 
3hift  theLr  thinking  in  that  direction  and  to  the  e::tent  that  that 
takes  place  it  can  be  considered  a  success. 

That  issue  of  the  extent  of  its  impact  is  a  serious  or.c  and 
it  is  the  issue  to  which  much  of  this  report  is  now  addressed.  For 
X  have  considerable  doubts  that  the  Task  B  document  as  presently 
constituted  will  have  nearly  the  influence  or  results  that  you, 
its  authprs,  the  nir  Force,  and  veur  reviewers  hope  it  will  achieve. 
My  reasons  for  these  concerns  will  be  detailed  in  the  pages  which 
follow.  In  summary,  they  have  much  to  do  with  presentation  and 
implementation  strategy. 

Ti  e  presentation  is  .entially  flawed  by  "overkill"  -  an 
excessive  effort  to  be  complete  and  exhaustive;  it  conveys  an 
overpowering  sense  of  being  the  product  of  believers  and  enthu¬ 
siasts  talking  to  each  other.  The  implementation  strategy  which 
is  not  only  set  forth  expliclty  in  that  section  but,  equally 
important,  is  buried  implicitly  throughout  the  entire  document, 
seems  to  rely  much  more  on  the  ideology  of  some  inevitably  great 
benefits  of  computer-integrated  manufacturing  thin  on  any  sober, 
realistic,  appraisals  bucked  by  economic  or  case  data  setting  forth 
not  only  costs  and  benefits  but  the  absolutely  enormous  problems 
and  risks  facing  corporations  and  managerial  careers  as  we  grope 
our  way  toward  a  future  factory  which  can  be  a  more  successful 
institution. 

Is  this  a  fixable  set  of  problems?  I  believe  ouch  can  still 
be  done  and  my  suggestions  are  directed  toward  this  purpose  and 
intended  to  be  as  constructive  as  possible.  Can  your  present 
coalition  do  the  fixing?  Here  I  am  more  pess inis  tic .  Not  only 
is  it  hard  for  authors  to  edit  a  major  shift  in  tone  and  content 
into  their  own  hard  worked  product,  but  I  heiieve  you  will  need 
some  new  resources  -  some  strong,  hard-nosed  skeptics  arc  needed 
to  change  the  tone  to  a  more  balanced,  realistic,  nuts  end  bolts 
and  facts  and  figures  content.  Your  present  group  represent  too 
much  the  optimistic  believers,  shakers  and  movers,  the  near  religion 
of  C/iD/CAH/CE'  and  total  integration.  Tills  changeover  would  be  a 
big  job;  it  comes  late  in  the  game,  and  you  nay  well  decide  not  to 
make  that  additional  investment  in  spite  of  this  advice  and  go  with 
what  you  have. 
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II.  PROBLEMS,  COMMENTS  AND  SUGGESTIONS 
A .  PRESENTATION 

1.  It’s  too  much,  too  big,  too  thick,  too  complex.  It  is  a 
catchall,  totally  overpowering,  in  an  attempt  to  be  complete 
and  thorough  and  logical. 

It  comes  across  as  a  committee  effort  in  which  every  member’s 
contributions  have  had  to  be  respectfully  honored.  I  believe 
the  length  and  volume  could  be  cut  by  507.. 

2.  The  tone  is  too  dreamy  and  idealistic.  It  is  one  of 
believers  writing  to  believers.  It  is  a  rhapsody  of  gypsy 
violins  lilting  into  the  twilight;  it  makes  assumption  upon 
assumption  about  the  magical  benefits  of  all  that  is  proposec 
but  offers  few  examples  or  even  clear  facts  as  to  these 
advantages . 

3.  The  presentation  fails  to  cite  many  specific  problems  in 
debugging,  start-ups,  integration,  costs,  investments, 
breek-even  levels,  and  flexibility  for  changes  in  volume. 

4.  The  report  is  logical  and  complete  to  the  point  of  becoming 
an  academically  pure  exercise  of  its  own.  In  this  sense  it 
does  become  a  cleanly  compartmentalized  thing  of  internal 
logic  and  beauty.  But  to  the  heathen,  the  skeptic,  agnostic 
or  disbeliever  it  may  come  across  us  a  collection  of  wish 
lists. 

5^. The  report  lacks  clear  "how  to  do  it"  statements  which  could 
become  bridges  to  its  actual  use. 

6.  L’hat,  indeed,  is  the  potential  user  to  do  with  this  document? 
Is  Lt  for  the  CEO?  No.  Too  long.  The  manufacturing  VP? 

Ho  -  still  too  long  and  verbose.  The  cadre  of  plant  managers 
and  production  managers?  Maybe,  but  they  are  apt  to  be 
cautious,  short  ranged  in  thtir  outlook  and  frequently  sar¬ 
castic  about  such  proposals.  Staff  engineers  and  planners? 
Probably  they  will  be  the  main  readers.  But  many  of  them 
are  often  already  sold  on  more  automation  and  are  quite 
frustrated;  like  many  of  the  Task  B  coalition  authors.  They 
need  ammunition  and  concrete  persuasive  date,  not  taxonomies 
and  logical  maps  of  the  Interconnectedness  of  all  factory 
data.  They  are  "out"  of  the  mainstream  but  to  get  "in",  they, 
too,  need  more  practical,  down-to-earth  advice.  Professors? 
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Yes,  sure,  many  will  love  to  read  this.  The  conceptual 
neatness  is  a  thins  beauty.  It  will  attract  n,  ny  academics 
(and  heaven  'elp  us  all!),  ja  the  audience  and  the  user  is 
a  problem  and  this  needs  new  attention  and  a  decision,  after 
which  th..*  report  could  be  re -edited  1 1 h  a  partlculir 
audience  In  mind. 

7.  One  possibly  useful  approach  would  be  to  view  the  document 
as  a  teaching  device  and  review  It  completely  from  first 
page  to  last  with  that  purpose  In  mind. 

0.  What  the  document  Is  and  is  not:  '"at  the  document  Is  Is  a 
marvelously  Jnd  Ingeniously  conceived  set  of  concepts  shout 
factories.  The  concepts  In  fact  would  be  as  true  of  a 
factory  In  lf-83  as  In  1932  or  the  factory  of  the  future. 

What  the  document  is  not  Is  a  road  map  or  Instruction 
manual  as  to  how  to  get  there  fron  here,  how  to  bring  shout 
change,  how  to  convince  the  skeptics,  how  to  gain  strategic 
advantage  from  new  tec  r.nology. 

9.  The  document  is  a  forecast  of  a  certJln  group's  notions  of 
how  a  factory  of  the  future  night  be  conceived  and  integrated 
and  operated  as  a  system.  I  am  quite  certJln,  however,  that 
another  group,  siver.  the  same  assignment,  could  and  would 
come  up  with  a  quite  different  forecast  cf  valid  and  useful 
concepts  for  a  future,  radically  changed  factory,  l.'hy  is 
this  so?  It  Is  because  there  Is  no  one  ultimate  design  for 
a  factory  -  even  a  very  generic  and  basic  one  -  any  rrorc  than 
for  an  airplane  or  boat  or  model  city,  Mcwton  thought  he 
had  one  for  physics. 

10.  This  is  Important  for  It  suggests  that  t.ic  process  of 

deriving  such  a  conceptual  scheme  Is  as  or  more  Important 
than  the  end  product.  You  and  your  team  have  been  through 
this  process  and  It  has  undoubtedly  been  a  tremendous 
learning  experience. 

But  picture  now  another  team  or  a  group  of  corporate 
executives,  say  from  TKW  or  Bendlx  or  Borg-Werner.  They 
are  given  your  product.  Mot  having  participated  In  the 
process,  your  product  means  little  to  them  at  first.  But 
to  use  It  is  a  deductive  process.  In  cognitive  language, 
whereas  inventing  It  was  an  inductive  process.  The  concepts 
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vie  develop  Inductively  from  our  ovn  experience  have  much  r.ore 
meaning  to  us  than  those  hand -delivered, fully  formed  concept i 
developed  ly  others. 

All  this  sugg-sts  that  the  presentation  might  be  more 
effective  if  it  could  take  the  reader  through  the  process 
the  team  vent  through,  rather  thin  delivering  It  all  com¬ 
pleted  In  a  flnJilzed,  pollshec  form,  which  Invites  disbelief, 
resistance,  and  the  not-invented-here  phenomenon, 

11.  Conceptually  and  practically,  the  coalition  is  on  thin  tee 
and  !.■  tny  opinion  Is  probably  seriously  in  error  to  so  con¬ 
sistently  directly  state  and  constantly  infer  the  necessity 
of  a  tight,  closed-loop  Integration  of  data  handling  and 
processing  in  the  future  factory.  A  different  forecast  mlghc 
anticipate  many  closed-loop  systems  with  more  human  Interfaces. 
This  prediction  Is  supported  by  the  following 

-  major,  even  disastrous  problems  In  starting  up  and 
operating  (even  after  three  or  four  years)  complex, 
large,  closed-loop  Information  systems  In  U.S. 

Industry. 

-  the  direction  and  pace  of  factory  automation  to  d^te. 

-  the  problems  involved  with  even  modestly  slccd  "islands 
of  automation" 

-  the  limits  of  the  computer  in  making  judgments  is 
compared  to  their  oov;er  and  efficiency  in  searching 
and  computation. 

12.  .i  further  concern  in  predicting  and  recommending  such,  a  high 
degree  of  integration  is  that  of  frightening  or  turning  off 
potential  early  adaptors  by  making  the  investments  and  risks 
appear  (to  practiced  dec  Is lon-mnkors)  very  high. 

13.  The  experiences  of  the  Japanese,  Germans,  Austrians  and 
French  support  a  more  evolutionary,  gradual,  and  modest 
approach  to  fjetory  automation  than  that  which  seems  to  be 
advocated  In  this  document.  In  its  presentation,  therefore, 

I  wonder  whether  you  might  introduce  some  of  this  evidence 

as  a  way  to  reassure  your  readers  that  step  by  step  evolution 
is  sensible  and  may  lead  to  more  progress  jnd  steadier  progress 
than  giant  leaps. 


A.-22 


FTH110510000U 
29  June  1934 


Wickham  Skinnek 

OOO  lT*A*Bt  I»RT  HILL  HOjlTj 
COKCOSD,  KAS(ACn«SETT»  OIT42 


14.  Similarly  the  report  vou’d  be  sobered  and  made  more  plausLblc 
by  introducing  many  more  examples  of  tne  approaches  taken 
here  and  abroad  .mi  the. positive  in  i  negative  lessons  so 
learned  In  t'-.c  process.1 


/ 


B .  XMPLE>ENTrvT10i; 

1.  Throughout  the  document  it  is  implied  Chat  the  factory  of 
the  future  is  a  kind  of  entity  that  would  r.ave  very  s  ini  la  r 
charac  ter  Is  t  ics  for  companies  ,  B  ,  and  C  in  the  sane 
industry.  This  cannot  be  correc t, for  each  compun,  will 
have  its  own  unique  competitive  position  and  strategy  for 
competitive  success.  Factory  n ,  to  be  a  competitive  asset 
for  Company  .i  will  have  to  be  particularly  capable  of 
certain  performance  criterLa  which  will  differ  from  C  and 
C. 

This  Inference  of  saneness  creates  kind  of  a  never-never 
•land  for  the  Implementor  uho  needs  to  have  explained  lion 
s/he  can  mtet  the  needs  of  their  own  unl;ue  situation. 

This  is  probably  not  hard  to  fi;  in  the  report  bat  it 
needs  fixing. 

2.  The  implementation  strategy  seems  weak  in  the  £ollov.in0 
respects 

-  it  lucks  examples  «nd  case  historic 

-  it  lacks  economic  data 

-  it  never  answers  company  concerns  about  how  to  afford 
massive  investments  in  new,  fined  costs 

-  it  docs  not  deal  with  the  new  and  radically  changed 
cost  mix  to  ha  expected  in  the  now  factory 

-  it  docs  not  deal  explicitly  (i.c,  with  good  examples 
and  reassurances)  with  the  business  and  career  risks 
the  new  technology  scens  to  offer 

-  it  Lap lies  single  solutions  to  complex  questions  such 
as  how  to  organize  the  future  factory 

-  it  lacks  depth  In  Implementation  for  it  stops  in  many 
places  .t  offering  mere  check  lists 

1.  Sec  Appendix  -  Some  Fre  1  iminary  Findings  from  the  author's 
research  on  the  introduction  of  new  manufacturing  technology 
in  the  U.S ... . 
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3.  I  wonder  whether  It  night  be  possible  to  portray  several 
scenarios  as  feasible  models  for  moving  toward  t!ie  future 
factory  based  on  recent  company  histories.  In  other 
words,  there  is  research  data  available  and  situations 
which  could  now  be  researched  wnich  would  begin  to  off^r 
your  readers  some  advice  is  to  both,  pitfills  and  successful 
new  monuf a. taring  facilities. 

4.  In  particular  such  case  histories  would  include 

-  where,  who  and  how  the  project  got  started 

-  the  conceptual  design  for  what  they  started  out  to  do 

-  how  the  project  was  managed, 

-  bow  the  capital  appropr la tlon  was  dcscirbed  and  presented 
tO  top  ..iSr.-aCcICUt 

-  the  role  of  top  management 

-  action  and  results 

3.  The  report  is  weaker  than  necessary  in  relating  Implemen¬ 
tation  and  results  to  the  r.ctds  analysis.  (The  needs 
analysis,  incidentally,  1*  verj  well  done.  It  represents 
a  re J 1  strength  of  this  work.)  Here  is  a  big  open  loop 
which  coaid  be  closed  by  demonstrating  Just  how  the  f  lturt 
factory  r.;Lght  address  present  needs  and  fjlldoons. 

6.  4s  the  group  discussed  in  Dayton,  what  Is  needed  Is  a  short 
statement  focusing  on  "what's  really  different"  about  the 
future  factory.  In  this  long  and  complex  and  overloaded 
document,  the  reader  can  never  get  in  one  place  what  is  to 
be  different  in  costs,  balance  sheet,  performance,  flexi¬ 
bility,  service  levels,  and  life  in  the  work  force. 

7.  The  Human  Resource  management  section  is  ok  as  far  as  it 
goes,  and,  in  fact,  it  is  good.  But  it  could  be  more 
explicit  and  draw  on  the  literature  of  work  restructuring 
so  as  to  offer  more  concerning  the  probable  impact  of  the 
future  factory  on  job  content,  skills,  the  yV.'L,  the 
exper ienc in0  of  future  factory  life,  changes  in  the  Job 
of  the  supervisor,  plant  manager,  labor  relations,  and 
personnel  officers.  (See  i.ppendlx  *\.) 
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8.  1  expect  the  major  advantages  of  the  nev  factories  to  to 
strategic  ones,  allowing  companies  to  move  faster  In  new 
products,  offer  a  greater  variety  of  short  runs  and  customer 
specials,  more  consistently  outstanding  quality,  and  more 
rapid  delivery.  This  is  touched  on  In  several  places  but 
Is  never  rwdo  the  outstanding  emphatic  point  It  should  be. 

In  fact,  there  can  be  no  operational  reasons  sufficient  to 
Justify  the  enormous  investment  «.nd  risks  In  the  future 
highly  mechanlred  factory.  The  payoffs  must  he  In  strategic 
leverage. 


Respectfully  submitted, 

- '«■ 


Ulckham  Skinner 


V.S  /s  tl 


1,  Appendix  B  is  a  corking  paper  later  published  In  the  Journal  of 
Business  Strategy  Vol.  3,  No.  4,  which  focuses  on  the  strategic 
advantages  of  the  new  manuf ac taring  technology. 
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This  section  contains  the  letter  of  comments  written  by  Dr.  Joseph 
Harrington,  Jr.,  concerning  the  briefing  of  project  1105  in  Dayton,  Ohio,  on 
4-5  May  1983 
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Comments  of  Joseph  Hirrinqfon,  Jr. ,  Regarding 
Meeting  of  May  -*  •!  5,  1983  at  Dayton,  Ohio 

In  accordance  with  your  reguest,  this  set  of  comments 
will  be  addressed  to  three  points: 

I  An  assessment  of  the  documents  presented,  ED,  M-D,  and 
SRD  (particula  ly  the  latter'  and  the  conduct  or  the  meeting. 

II  Thoughts  on  the  Conceptual  System  Specifications. 

III  Thoughts  on  Implementation  Strategy. 


Priority  1105  is  an  extremely  tough  assignment;  seme  mi'J 
consider  it  an  almost  impossible  task.  I  am  most  impress;!  1 1- 1, 
the  work  which  has  been  accomplished  to  date,  and  the 
presentation  of  the  documents.  The  meeting  in  which  the 
coalition  solicited  the  advice  and  comments  of  a  panel  of  five 
experts  was  most  effectively  organised  and  run,  and  elicited  good 
responses.  These  in  turn  elicited  thoughtful  replies  from  the 
coalition  members  and  the  ICAM  office  personnel  present.  All  c-r 
this  bodes  well  for  the  remainder  of  the  project.  Therefore, 
what  follows  is  to  be  taken  as  constructive  detailed  comments, 
which  you  requested. 


I  ASSESSMENT  OF  THE  DOCUMENTS  AND  THE  MEET  I  flu 

The  first  document  issued  in  this  project  was  the  Scoring 
Document,  which  almost  immediately  presents  the  POF  ,  AO  Diagram 
and  the  corresponding  Node  Diagram.  Pay  Neal  as!  ed  specifically 
if  we  thought  that  the  team  had  acted  too  quickly  in  setting  m 
position  the  six  functional  boxes. 

I  tend  to  think  that  present  day  organic  at  ions  and  present 
day  concepts  of  the  AS  15  functions  did  cast  a  strong  shadow  or- 
this  structure.  It  was  modified  as  the  project  proceeded,  but  I 
see  the  structure  a  little  differently,  particularly  as  my  tram 
of  thought  is  predicated  on  a  generic  “manufactur inq "  environment 
rather  than  an  aerospace  environment  selling  principally  to  the- 
Governmen  t . 

I  feel  we  should  first  carefully  define  "Factory",  a  word 
which  is  widely  used  for  many  different  scopes  cr  activity.  In 
the  NAD  the  term  is  defined,  but  I  fear  that  the  definition 
itself  may  predispose  the  concept  which  is  to  be  generated.  I 
prefer  the  term  “Enterprise",  a  concept  neatly  defined  at  the  top 
of  Page  A-4  of  the  NAD.  Following  this  line  or  thought,  I  see 
four  major  divisions  of  an  enterprise;  if  they  were  function 
boxes  we  would  label  them:  Manage,  Manufacture,  Mar'et,  and 
Support  (Support  the  enterprise,  such  as  with  financial,  legal, 
personnel,  and  data  processing  services).  In  fwr,  * Manuf e.ctur e" 
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would  have  four  major  divisions!  Manaqe  Manuf sctur ing,  Develop 
Products*  Produce  Products*  and  Support  Products  in  the  Field. 
Similarly*  "Market"  would  have  si::  major  divisions-  Manage 
Marketing,  Assess  Needs  or  Marietplace,  Establish  Marketing 
Policies,  Advetise  Products,  Sell  Products,  Service  Products  in 
the  Field.  I  attach  a  node  diagram  from  my  new  tool  which  shows 
this  structure,  purely  tor  illustrative  Furpoeee. 

It  is  obvious  why  1  find  the  structure  shown  in  r*,6  AO 
diagram  to  carry  too  much  flavor  of  today's  aei  cspace  factory 
structure.  SAD  Figure  1-e  is  a.  similar  ncde  diagram,  but  i  *■ 
places  management  of  the  enterprise  on  a.  par  with  "Provide 
Resources” ,  "Provide  Logistic  Support",  etc.  I  feel  it  should 
have  a  senior  status  to  these  functions.  Also,  the  ai  nodj 
"Provide  Customer  Liaison  and  Services"  is  really  only  a  portion 
of  the  Marketing  function,  while  another  portion  of  custcme- 
services  is  over  under  Node  Aol  "Provide  Field  Service".  Eoth 
deal  with  relations  with  the  user,  external  to  the  enterprise, 
whereas  the  other  functions  are  internal  to  the  enterprise. 

To  answer  Ray  Neal's  question,  then,  I  thin!  that  there  was 
too  early  a  move  in  selecting  these  sic  major  tores.  Howe-er, 
the  coalition  had  to  start  'somewhere,  and  it  is  auite 
understandable  that  they  started  with  this  structure.  it  is  n:* 
as  irrevocable  a  posture  as  it  might  be,  and  1  think  that  late' 
thinking,  as  evidenced  by  later  documents,  shows  less  of  ifs 
influence.  Uhat  ultimately  emerged  as  the  main  structure  or  fhis 
project  are  the  seven  needs  categories,  ard  ft®  systems 
requirements  arising  out  or  them.  When  these  are  applied  rn  the 
manufactur i ng  structure,  the  conceptual  f - a me wo r  k  of  the  Fart  cy 
of  the  Future  will  emerge. 


The  Systems  Requirement  Document  is  an  impressive  piece  of 
t  axonorriy .  It  is  very  there.*  jh  —  perhaps  too  thorough,  as  its 
very  sice  will  preclude  a  proper  study  by  mar y  people.  It  stcul 
have  a  summary  statement  or  perhaps  a  ten*h  or  the  sire  111 
ADDITION  to  the  entire  document,  and  in  a  separate  tinder. 

The  key  eitiphasis  is  on  the  Information  Resource  Management 
subject,  as  is  proper.  That  section  of  the  document  (Section  3) 
is  an  excellent  exposition  of  the  subject.  I  have  no  suggestions 
for  changes  in  this  section. 

Similarly,  second  emphasis  is  placed  on  Management  of  the 
Factory  of  the  Future,  Section  4.  Again,  this  section  shows 
excellent  thinking,  although  it  could  stand  some  simplification, 
and  perhaps  some  clarification  with  examples.  If  focuses  on  the 
scheduling  and  orchestration  of  a  tremendously  complex  structure 
a  real  challenge  to  the  F*.R  conceptual  plan.  uie  all  seemed  to 
agree  that  with  IEM  in  place,  this.tasl  would  be  much  easier.  As 
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may  be  seen  from  my  remarks  above,  I  see  this  function  as  senior 
at  all  levels  to  the  functions  being  managed  on  that  level. 

The  third  priority  need  is  the  Product  Definition  and 
Planning  Section,  Section  5.  Section  5  as  amended  is  practically 
a  textbook  by  itself.  This  is  when?  the  coalition  has  departed 
most  radically  from  the  rS  IS  factory  structure  and  thinking,  an  i 
where  the  greatest  exposition  and  selling  effort-  will  be 
required.  Because  it  is  such  a  large  subject,  simplification 
wherever  possible  is  essential. 

I  concur  with  Buffi.m  and  Lardner  that  there  is  a  1  eg l f i r a f e 
division  line  between  product  Definition  and  Production  Planning. 
Although  the  process  is  iterative,  and  moves  beet-  and  forth 
across  this  line,  there  is  still  reason  to  keep  a  functional 
distinction  between  the  two.  True,  CAL  ■'  CAM,  Group  Technology, 
and  Generative  Planninq  are  employed  in  both  areas,  and  ser  e  to 
tie  them  together.  But  there  are  good  management  reasons  t-.e-s 
them  separated!  Management  may  decide,  ha-,  ing  seen  a  detailed 
design  and  a  model  demonstration  of  a  new  product,  net  to  go 
ahead  with  its  production.  Or  managemer. t  may  elect  to  have  two 
sources  of  supply,  ecuicF ed  with  different  facilities?  this  wcu  1  J 
require  that  the  melding  or  the  concerns  of  product  definition 
and  production  methods  be  done  twice,  and  separately.  !  also 
feel  that  there  is  a  very  close  tie  between  Production  Flaming 
and  Production.  During  the  course  of  the  product’s  life  cycle 
conditions  may  require  many  adjustments  between  these  two  which 
do  not  affect  the  Product  Definition. 

However,  there  is  a  much  closer  tie  between  product 
definition  and  production  planning  than  new  exists  in  many 
esf abl ishments.  The  conceptual  design  will  ha.e  to  wrestle  with 
this  problem. 

Product  Assurance  is  treated  in  Section  t.  We  did  not  =  ef 
too  much  discussion,  if  any,  of  this  section,  but  I  reel  it 
misses  the  mark  rather  badly.  This  may  be  because  of  the 
overhanging  influence  of  M  IL-Q--F059A  Sect.  i?.  L.  Product 
assurance  is  normally  achie.ed  in  two  manners:  Qualify  Assurance, 
and  Quality  Control.  The  latter  is  the  main  theme  of  Section  a 
—  how  to  inspect  the  product.  It  is  an  old  truism  that  you 
cannot  inspect  quality  into  a  product;  the  best  you  can  do  is  to 
cull  out  inferior  pieces.  One  must  inspect,  as  the  MIL  spec 
insists,  but  one  must  also  address  the  protlem  of  designing  the 
product  and  the  production  methods  sc  as  to  ircreese  the 
incidence  of  good  product.  In  other  words,  mai =  if  right  the 
first  time.  I  found  ve^y  little  of  this  thesis  in  Section  6,  and 
I  think  the  project  would  be  criticised  if  the  document  got  out 
without  a  balanced  treatmen t . 

The  remaining  needs  priorities  —  Human  Pesource  Managemen t . 
Materials  Managemen  f ,  and  P’inancial  Manaqemen  t  were  considered  to 
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be  well  done.  We  should  emphasise  integration  of  the  humans  just 
as  we  do  integration  of  the  information  systems  into  the  ultimate 
Computer  Integrated  Manufacturing  system. 

Ue  did  not  see  the  State  of  the  Art  document*  hearing 
instead  an  outline  of  its  contents.  Considering  that  we  are 
going  to  be-  wort- ing  with  technologies  ten  years  ahead*  and 
possibly  not  yet  conceived*  I  would  net  waste  too  much  more  time 
on  today’s  State  of  the  Art,  e.en  if  it  is  Leading  Edge 
technology.  The  importance  of  technology  as  a  factor  in  the 
Factory  of  the  Future  scarcely  needs  reiterahion. 


II  THOUGHTS  ON  THE  CONCEPTUAL  SYSTEMS  SPEC  I F 1  CAT  I ONG 

As  I  understand  this  part  of  the  tasl  *  an  architectural 
framework  is  to  be  concei.ed  and  set  forth  outlining  the  best 
considered  opinion  as  to  what  a  manuf actur ing  ente-prise  shculd 
be  life  in  the  19*90  -  19*95  time  frame.  As  Lardner  pointed  cut* 
just  setting  it  forth  will  hasten  its  c-rri.al.  This  can  only  be 
an  idealized  archi  tecture;  every  enterprise  uiil  f*vs  a  different 
actual  ar ch i fectur e.  It  must  therefera  be  complete  enough  so 

that  it  will  encompass  any  necessary  . ar iant=  --  i.e.*  a  generic 
ar ch i tecture.  And  it  is  nof  to  be  designed  in  fhis  task*  but 
only  to  have  its  characteristics  specified. 

The  Factory  of  the  Future  will  be  achieved  the  Factory 

of  Today  by  a  slow*  e  .ol“t  lonary  process.  There  i=  a  treirerijns 
jnec  t ia  in  the  existing  manufacturing  establishment*  in  the 
facilities-  capital  equipment*  technology*  tcoling,  personnel, 
and  msriagemen  t .  It  will  be  changed  incremental  ly  *  as  it  has  t-c-n 
changing  o  ■.  er  the  past  two  centuries  and  is  changing  today.  This 
Froject  is  merely  to  set  forth  a  clear  and  acceptable  target. 

I  agree  that  the  FOF  will  incorporate  all  of  the  functions 
of  the  FOT.  It  is  the  embodiement  of  the  technology  that  will 
continue  changing*  and  this  includes  the  management,  inforn.dtion 
handling,  and  material  conversion  technologies.  We  call  the 
change  mechanisms  automation  and  computer i rat  ion .  Let  me  repeat 
my  analogy  of  the  jig-saw  puzzle. 

My  grandson  was  assembling  a  jig-saw  puzzle  one  day  when  ore 
of  the  pieces  accidentally  fell  to  the  floor,  and  the  dog  ate  it. 
I  had  to  make  a  replacement  Piece  which,  while  lacking  the 
picture  element  on  its  surface,  had  to  fit  precisely  into  the 
space  between  the  adjacent  pieces;  no  overlaps  and  no  gaps.  I 
refected  that  this  is  what  we  do  when  we  automate  or  computerize 
seme  manuf actur i ng  function.  While  we  may  ha^e  improved  the 
function*  it  must  fit  into  fhe  existing  organizational  pattern. 

We  do  not  change  the  inherited  crazy-amlt  pattern  of  the  system. 
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This  traditional  architecture  ot  manuf actur  inq  and  the 
organizations  that  go  with  it  were  created  for  good  reasons.  When 
manufacturing  was  accomplished  by  human  digital  skills  and  human 
mental  skills,  organ  1 za 1 1 ona 1  structures  were  tailored  to  fit  the 
available  humans  and  their  skills.  But  with  the  steady  trend  to 
the  transfer  of  skills  to  mechanical  and  data  processing  devices, 
we  need  a -new  and  better  rationale  for  structuring  manuf actur 1 ng . 
It  is  to  be  found  in  the  functional  steps  inherent  m  the  science 
of  converting  raw  materials  into  desired  end  products,  [escribing 
this  structure  is  the  essence  of  tne  systems  specification  fask  . 
It  is  complicatd  by  the  fact  that  the  FOF  in  the  time  rram>e 
specified  for  the  System?  Specification  document  may  deal  wifh 
pro  due  t Si  facilities,  and  personnel  not  now  known.  This  is  what 
the  mathematicians  call  "A  highly  ncn-trivia 1  task 

In  view  of  the  tact  that  the  project  is  aimed  at  the  19^0  - 
1795  time  frame,  I  suggest  that  the  Project  Team  focus  on  what 
may  reasonably  be  accompl i shed.  I  liked  Lardner’s  corncept  of 
the  computer  being . appl led  principally  to  structured  decisions, 
and  used  only  as  an  assist  in  semi -structured  decision  making.  I 
suggest  that  the  specifications  take  note  of  the  strong  influence 
of  certain  factors  which,  although  they  fall  outside  the 
assignment  of  the  Project,  must  still  be  taken  into 
consideration.  These  include  geopolitics,  sociological  changes, 
availability  of  materials  and  energy,  and  economic  conditions  in 
general.  This  was  mentioned  in  NAD  at  Section  1. 4. 

I  suggest  that  the  Project  keep  in  mind  the  nature  of  the 
end  product  of  this  task.  It  is  not  a  turnkey  plant,  not 
hardware  or  software,  net  an  organization  chart,  not  a  set  of 
standards,  but  a  concept  It  cannot  be  made  mandatory.  This  must 
also  be  kept  in  mind  by  those  to  whom  the  end  product  is 
proffered.  I  liked  Skinner’s  description  of  the  end  product  as  a 
credible  model  of  how  the  world  will  be. 


Ill  THOUGHTS  ON  IMPLEMENT  AT I ON  3TRATEG i 

Imp lemen t a t i on  in  the  case  of  this  project  means  diffusion 
of  the  credible  concept  to  industry,  and  a  reasonable  level  of 
acceptance  by  the  early  adopters. 

I  suggest  that  the  credible  model  Df  hew  the  wor 1 d  w  11  be 
is  all  that  need  be  released.  How  the  project  team,  got  to  it  is 
not  important  and  may  open  up  a  field  of  debate  better  left 
closed. 

The  first  step  will  te  the  preparation  of  the  model  in  some 
compact'  form  and  its  presentation  at  some  function  such  as 
Industry  Days.  You  may  e  pert  that  it  will  be  received  with 
either  polite  interest  or  complete  indi t rerence.  Such  things 
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take  time  for  assimilation  —  months  or  even  years  before  their 
true  value  is  appreciated.  Simple  documents  should  be  available 
for  anyone  interested. 

The  second  step  is  selling  the  concert  to  these  who  may 
reasonably  be  expected  to  understand*  accept*  and  implement  it. 
This  is  a -job  for  a  technology  transfer  specialist,  and  with  all 
due  respect  for  the  manifest  si  ills  or  the  project  team*  they  may 
not  have  the  special  promotional  skills  necessary.  Fortunately, 
this  project  as  a  part  of  the  I  CAM  Froject  does  not  have  as  its 
target  the  whole  of  Industry,  but  -  at  least  at  first  -  only  the 
aerospace  industry.  This  is  a  reasonably  reachable  target. 

The  National  Academy  of  Engineering  Committee  on  Compute 
Aided  Manuf actur i ng  conducted  a  study  on  technology  transfer  in 
connection  with  the  earlier  ICAM  work.  He  learned  that  new 
technologies  arise  in  a  very  small  sector  of  an  industry,  colled 
the  "innovators".  The  first  diffusion  of  the  new  technology  is 
to  a  group  of  about-  IQ'',  of  the  industry  known  as  the  “early 
adopters".  These  companies  will  try  an  1 de  without  an  iron  clad 
demonstration  of  economic  justification.  "hese  are  the  people  to 
whom-  the  technology  transfer  specialists  turr.  their  first 
attention.  (Later,  a  large  chunk  of  industry  will  adopt  the  new 
technology,  having  seen  it  demonstrated  in  practice  and  its 
economic  justification  proven.  Ey  then  the  technology  has  beer, 
more  or  less  standar di oed,  and  the  reward  for  its  adoption  has 
shrunk  to  a  narrower  margin.  The  rest  of  the  industry  will  be 
forced  info  adoption  by  sheer  weight  of  competition.) 

This  means  that  Project  11Q5  can  still  further  narrow  its 
technology  transfer  program  to  a  relatively  small  number  of 
aerospace  companies.  Once  they  adopt  the  concept,  the  'e;!  will 
follow  in  self  defence  if  nothing  else,  and  the  doctrine  will 
spread  to  other  industries  as  well.  Therefore,  imp  1 emsn f a t i on 
narrows  down  to  presenting  the  concept  to  half  a  docen  key 
cor porat ions,  a  net  i nsur m, »un t ab 1 e  task. 

As  a  consultant  who  has  done  such  jets  many  times  in  the 
past,  I  can  testify  to  the  most  effective  procedure  for  this 
presentation  effort.  -  small  group  -  possibly  two  men  -  should 
meet  with  the  Chief  Executive  officer  of  the  target  corporation, 
and  one  or  two  of  his  associates.  The  reason  for  approaching  the 
CEO  is  that  this  concept  has  an  impact  on  the  fetal  enterprise, 
and  can  not  be  "bought"  ty  anyone  other  than  the  Ferson  whose 
responsibility  and  authority  spans  the  whole  enterprise.  The 
reason  for  the  "one  on  cne"  approach  is  that  the  CEO  is  free  to 
listen  and  ask  questions,  to  discuss  possible  imp  1 1 cat  ions  for 
his  company,  and  to  argue  points  without  committing  himself  in 
front  of  his  entire  organ  i  cat  l  on .  He  may  later  ask:  for  a 
presentation  to  a  larger  group  of  his  people,  or  to  several 
groups. 
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I  would  not  try  to  make  a  moving  picture  for  a  visual  aid 
for  the  1105  Project.  This  is  just  not  the  sort  of  subject 
matter  that  lends  itself  to  the  slick?  uninterruptible?  music-in- 
the-background  movie  medium.  What  is  needed  is  a  sizeable  number 
of  slides?  from  which  a  few  can  be  selected?  carefully  chosen  tor 
the  specific  company  and  man  to  be  addressed.  The  presentation 
is  tailored  to  the  enterprise.  Slide  presentations  can  be  halted 
for  discussion?  backed  up  to  clarify  a  point?  changed  on  the  spot 
to  react  to  the  listener’s  reactions?  and  extended  or  abbreviated 
as  seams  best.  And  they  are  much  less  expensive  than  movies. 

The  CEO  may  ask  what  the  costs  and  risks  will  be.  In  this 
type  of  concept?  there  is  no  way  to  answer  that  question;  it  will 
have  to  be  worked  out  for  that  specific  user.  In  any  event?  the 
acceptance  of  this  concept  is  not  an  economic  exercise?  but  a 
strategic  decision.  The  CEO  will  next  consider  what  the  concept 
will  do  to  his  organization  and  to  the  skills  of  his  employees. 
This  is  probably  the  most  important  part  of  the  transfer  of  the 
concept,  and  is  whe're  the  flexible  slide  show  media  comes  into 
t  its  own.  What  the  CEO  will  not  ask,  but  will  wonder  about?  is 

what  the  concept  will  do  to  or  tor  him?  personally.  He  must  te 
made  the  "champion"  for  the  concept  in  his  company. 

i 

When  the  technology  transfer  team  has  contacted  the  "early 
adopter"  types  of  CEOs  in  the  aerospace  field?  much  of  tfe 
implementation  task  will  have  been  accomplished.  More  work  would 
yield  a  diminishing  return  in  the  early  stages  or  the  transfer, 
and  in  the  later  stages  it  will  simply  be  a  matte''  cf 
•  presentations  as  often  as  opportunity  presents  itself. 


SUMMARY 

Project  1105  is  to  be  commended  for  good  work  on  a  very 
difficult  assignment.  The  end  result  of  the  Project's  effort 
will  be  a  set  of  specifications  fo>~  a  credible  model  of  how  the 
world  will  be  in  1790  -  1995.  The  transfer  of  this  concept  to 
industry  will  require  an  unusual  approach?  tut  fortunately  may  be 
directed  in  the  first  instance  to  a  relatively  small  numbs--  of 
probable  early  adopters. 


A-33 


FTH110510000U 
29  Juno  1984 


3 . 7  Comments.  Richard  E.  Spears.  Boeing  Computer  Services 

This  section  contains  the  letter  of  comments  written  by  Richard  Spears 
concerning  the  briefing  of  project  1105  in  Dayton,  Ohio,  on  4-5  May  1983. 
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Hay  20,  1983 


Richard  R.  Preston,  Captain  U5AF 
Project  Manager  ,  _  . 

Computer  Integrated  Manufacturing  Branch 
Manufacturing  Technology  Division 
AFWAL/MLTC,  Bldg.  653.  Room  224 
Wright  Patterson  AF3,  Ohio  45433 

Don  Norwood 
I  CAM  Program  Manager 
Yought  Corporation 
P.  0.  Box  225907 
Dallas,  Texas  75265 
Mall  Drop  2-A5 
Unit  2-20150 

Gentlemen: 

Concepts. 

I  would  like  to  thank  you  for  your  hospitality  and  appreciated  the 
opportunity  to  participate  In  your  review. 


Sincere lv 


8o  el  ^Computer  Services 
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GENERAL  IMPRESSIONS 


NEEDS  ANALYSIS  DOCUMENT 


In  general  I  find  the  documents  to  be  very  good.  I  believe  the  Needs 
Analysis  Document  did  an  excellent  job  of  categorizing  manufacturing 
needs  so  that  proper  attention  could  be  given  to  the  seven  Issues 
identified.  If  you  had  tried  to  address  solutions  to  the  numerous  detail 
needs  of  a  factory,  you  probably  would  not  have  been  as  successful  as  you 
are  going  to  be  by  categorizing.  The  document  treated  the  subject  of 
Information  Resource  Management  very  well.  I  believe  that  it  is  very 
important  that  Information  Resource  Management  is  properly  addressed  1r 
the  Factory  of  the  Future  Framework.  I  am  sure  that  if  companies  do  not 
understand  Information  Resource  Management  philosophy  and  mechanization, 
they  will  not  be  able  to  obtain  the  productivity  improvements  that  the 
Air  Force  is  stri'^ng  to  achieve. 


STATE-OF-THE-ART  DOCUMENT 


This  document  did  a  pretty  good  job  of  Identifying  network  capabilities, 
software  tools,  and  database  managers  that  are  on  the  market  today. 
Although  much  of  the  information  in  the  document  is  generic  in  nature,  it 
Is  fairly  obvious  that  the  packages  identified  in  this  document  are  only 
state-of-the-art  on  the  day  that  the  document  is  written.  1  don't  know 
how  you  Intend  to  keep  a  document  of  this  type  updated.  It  nay  be  that  a 
company  that  embarks  on  modernizing  its  manufacturing  data  systems  must 
make  a  similar  study  of  available  tools  prior  to  investing  their  money. 
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The  subject  document  addresses  the  seven  requirements  areas  In  reasonable 
detail.  I  believe  that  it  is  entirely  reasonable  that  an  aerospace 
company  could  take  this  document,  digest  it,  and  implement  a  systr  that 
would  improve  their  productivity. 

The  issue  that  was  not  discussed  at  great  length  in  the  document,  though, 
is  how  would  they  implement  these  concepts  and  address  the  subject  issues 
without  an  implementation  plan  that  leads  them  through  a  transition  frcn 
their  present  systems  into  state-of-the-art  systems.  System  flow  charts 
could  be  developed  that  show  the  relationship  between  existing  systems 
and  any  systems  that  would  have  to  be  developed  to  support  the  factory  of 
the  future  framework.  This  would  also  allow  a  company  to  utilize  data 
systems  that  have  been  developed  by  the  Air  Force  to  assist  them  in 
implementing  factory  of  the  future  tasks.  If  possible,  you  should  try  to 
include  examples  of  how  a  company  could  do  this.  For  instance,  you  may 
want  to  use  the  flow  chart  technique  generated  by  Boeing  on  the 
Integrated  Sheet  Metal  Contract. 

I  believe  a  transition  can  be  made  from  existing  data  systems  to 
state-of-the-art  data  systems  fairly  easily  if  strategic  data  planning  is 
accomplished.  This  allows  you  to  build  a  plan  where  all  future  data 
systems  developments  are  accomplished  under  the  umbrella  of  the 
Information  Resource  Manager.  A  data  dictionary  can  be  developed  that 
supports  both  the  new  and  the  old  systems. 

The  question  that  an  aerospace  company  will  have  to  answer  is  how  many  of 
the  ICAM  produced  data  systems  can  be  incorporated  into  that  company's 
existing  data  systems  in  an  economical  way.  Aerospace  companies  should 
find  the  use  of  the  ICAM  data  systems  cost  effective  because  it  is 
extremely  expensive  and  tine  consuming  to  rebuild  existing  data  systems. 
If  they  can  assure  themselves  that  the  use  of  the  ICAM  systems  will  not 
compromise  their  organizational  and  management  philosophies,  they  will 
find  the  use  of  the  ICAM  data  systems  more  attractive.  If  they  exercise 
the  option  of  adapting  their  management  philosophy  to  the  ICAM 
philosophy,  they  will  be  able  to  use  more  of  the  ICAM  data  systems  than 
if  they  try  to  install  the  ICAM  data  systems  in  the  face  of  conflicting 
management  philosophies. 

The  inclusion  of  proposed  organizational  charts  should  be  considered. 
This  consideration  will  help  the  industry  to  understand  that  the 
functional  organization  in  the  FCF  Document  are  not  defacto  proposed 
organizational  charts. 

It  will  be  reasonable  to  expect  that  a  company  could  rebuild  its  systems 
at  a  cost  much  lower  than  systems  have  traditionally  cost  if  life  cycle 
software  packages  are  developed.  It  is  not  clear  to  me,  however^  that  a 
single  life  cycle  software  system  will  satisfy  the  requirements  for 
embedded  software,  business  and  scientific.  If  the  software  industry  is 
faced  with  the  problem  of  providing  a  separate  life  cylce  system  for  each 
of  these  areas,  the  target  date  when  all  three  would  be  available  will  be 
extended. 
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3 . 8  Coirmenta.  Harvey  E.  Buffum.  H.  S.  Buffum  Company 

This  section  contains  the  letter  of  comments  written  by  Harvey  Buffum 
concerning  the  briefing  of  project  1105  in  Dayton,  Ohio,  on  4-5  Hay  1983. 
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h.e.  rmnrercm  co^ 

PWOOUCTTVITY  IMPROVEMENT  | 
17  Ha/  1983 


Robert  L.  MorasJti, 

FOR  Project  Manager 
Vought  Corporation 

Dear  Mr.  Moraskit 

Z  would  like  to  complement  you  on  the  overall  quality  of  the  work  that  your  team 
has  done  on  the  Factory  of  the  Future  project.  There  is  a  lot  of  information  that 
will  be  of  significant  value  to  the  industry. 

In  Attachment  "A,*  I  have  included  a  stannary  of  the  comments  that  I  made  at  the 
meeting  in  Dayton.  In  general,  I  would  recoamend  that  the  documents  be  made  more 
systems  definitive  and  less  philosophical.  I  believe  that  you  will  be  doing  some 
revising  of  the  doctanents,  so  1  will  not  try  to  be  specific  with  sentences  that 
would  go  into  your  revision  cf  the  document,  but  instead  provide  you  information  so 
that  you  can  change  the  docianentation  as  your  editor  fits  it  together. 

Attachment  "B"  is  the  invoice  for  expenses  and  changes  for  the  services  rendered. 

X  would  like  to  express  my  appreciation  for  the  opportunity  of  working  with  your 
team.  I  am  looking  forward  to  reviewing  the  results  of  your  document  revision  and 
the  meeting  in  August.  Please  call  me  if  ycu  have  any.  questions. 
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attachment  "a* 

Summary  of  H.E.  Buffu®  Comments 
M*de  at  Dayton  Meeting,  Kay  4  and  5,  1983 


1.  Management  Exposure  to  Documents 

It  is  very  important  that  top  manufacturing  management  in  the  aerospace 
companies  have  an  understanding  of  the  systems  that  will  be  required  in  the 
Factory  of  the  Future  (FOF)  for  the  1995  time  period.  These  systems  have 
tha  potential  for  significantly  reducing  production  costs  and  improving 
quality.  With  a  good  management  understanding  of  the  potential  benefits, 
better  support  will  be  provided  to  systems  development  effort  required  to 
meet  future  objectives. 

It  will  be  very  difficult  for  a  manufacturing  vice  president  or  director 
to  find  time  to  read  and  study  these  documents  because  of  the  detail  and 
length  of  the  documentation.  I  believe  the  best  way  to  convey  the  informa¬ 
tion  is  a  one-on-one  presentation  made  by  his  technical  staff  person  who  has 
a  good  understanding  of  this  documentation  and  their  present  systems. 

Many  of  these  top  people  have  had  a  limited  exposure  to  the  needs  ar.d 
potential  benefits  of  the  integrated  computer-aided  manufacturing  systems 
noted  in  these  documents.  It.  is  best  if  they  can  ash  their  questions  freely 
without  concern  for  their  possible  lack  of  exposure  to  computer-integrated 
systems . 

I  would  propose  that  the  contractor  be  authorized  to  prepare  a  slide 
presentation  and  supporting  documentation  that  can  be  used  in  the  aerospace 
companies  to  inform  the  executive  manufacturing  management  of  the  finding  of 
this  contract  relative  to  the  Factory  of  the  Future.  This  slide  presentation 
would  be  presented  by  key  company  manufacturing  technical  staff  when  they 
are  adequately  knowledgeable  of  this  program,  or  a  knowledgeable  industry 
representative,  when  required.  When  possible,  it  would  be  best  to  use  staff 
from  inside  the  company  because  this  provides  a  foundation  for  the  in-house 
staff  that  will  have  to  be  involved  in  the  development  and  implementation 
work.  In  some  cases,  the  company 'representatives  that  served  on  the  coalition 
effort  under  Mr.  D.L.  Norwood’s  direction  could  bring  this  story  to  the  appro¬ 
priate  management. 

When  the  companies  lack  the  internal  staff,  outside  consultants  could  be  used 
to  convey  the  message. 
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As  the  transition  is  nada  frnra  th«  prodoslnantly  metalic  primary  struc- 
turaa  of  today  to  the  composite  structure  of  the  future,  configuration  control 
will  become  increasingly  more  critical.  Even  today,  some  companies  have 
lost  configuration  control  because  ot  tha  number  of  subcontractors  and  the 
difficulty  of  keeping  records  on  the  larga  mmibars  of  parts  and  assemblies 
in  process. 

In  the  coamercif.r  airplane  business,  it  is  very  important  that  the  manu¬ 
facturer  have  the  capabilities  of  configuring  tha  airplane,  its  power  plants, 
systems,  and  interiors  to  suit  each  customer's  need.  With  problems  of 
sales,  financing,  and  changes  in  customer's  need,  one  major  producer  finds 
it  necessary  to  have  from  IS  to  20  master  schedule  changes  per  year  that 
requires  significant  resequencing  of  airplanes,  major  components,  and  systems. 

The  records  for  each  individual  airplane  must  be  maintained  for  the  life 
of  tha  vehicle  in  commercial  use.  It  is  necessary  because  of  government  regu¬ 
lations  and  customer  need  that  the  structural  detail  of  each  airplane's  con¬ 
figuration  information  be  readily  available.  For  example,  when  any  one  of  the 
commercial  airplanes  makes  a  crash  landing,  the  manufacturer  must  be  able  to 
tell  the  customer  the  exact  status  of  detail  parts  or  assembly  for  that  par¬ 
ticular  airplane  in  very  few  hours.  Tha  parts  will  often  be  kitted  with  the 
tool  fasteners  and  planning  for  shipment  to  locations  all  over  the  world  for 
field  installation  to  get  the  airplane  back  in  tha  air  in  tha  shortest  pos¬ 
sible  time. 

Military  systems  currently  have  many  of  the  same  configuration  control 
problems  but  with  a  little  less  emphasis  on  a  variety  of  customers  but  with 
more  sophisticated  systems. 

The  composites  structure  of  the  future  will  require  a  great  deal  of 
quality  and  configuration  control  data  in  comparison  to  that  normally  required 
for  metalic  structures  of  today.  To  provide  a  view  of  these  special  require¬ 
ments,  I  will  briefly  outline  some  of  tha  critical  steps  that  currently  appear 
to  be  a  requirement  for  future  critical  composite  structures.  As  the  tech¬ 
nology  advances,  the  needs  will  change  but  it  appears  unlikely  that  tha  data 
requirements  will  be  drastically  reduced. 


Typical  Data  Required  for  Critical 
Composite  Structures 

A.  Chemical  Characterization  of  Materials 

Incoming  batches  of  material  will  be  analyzed  with  sophisticated 
computer  controlled  equipment  so  that  tha  chemical  characteristics 
can  be  compared  with  the  producibility  and  performance  history  of 
every  part  that  uses  any  part,  of  that  botch  of  material.  The  ob¬ 
jective  is  to  be  able  to  eliminate  undesirable  material  before  it 
is  ever  processed  in  tha  Factory  of  the  Future,  and  to  insure  that 
there  are  wavs  of  correlating  failures  to  their  causes.  This  type 
of  data  will  become  a  part  of  the  data  for  each  part  and  assembly. 

B.  Part  Configuration  Control 

Each  ply  of  resin-impregnated  fabric,  when  fabric  is  used,  would  be 
defined  by  a  computer  compatable  data  set  used  by  both  engineering 
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end  manufacturing.  It  is  most  likely  that  the  material  would 
be  trimmed  to  its  configuration  using  computer  controlled  machines 
working  directly  from  the  engineering  data  sate.  The  data  on  the 
configuration  and  batch  of  material  would  beccsM  a  part  of  the 
computerized  data  base. 

C.  Assembly  Configuration  Control 

As  each  ply  of  material  is  automatically  placed  in  position, 
sensing  equipment  would  verify  that  the  proper  configuration  of  ply 
was  placed  in  the  proper  position.  This  data  would  then  end  up  as 
a  part  of  the  computerized  data  for  the  configuration  of  the  assembly. 

D.  Cure  Cycle  Recording 

There  will  be  many  cure  options  available  with  variations  in  temper¬ 
ature,  pressure,  time,  and  energy  sources.  These  cycles  will  become 
a  critical  part  of  the  computerized  quality  records. 

E.  Assembly  Inspection 

Each  of  the  steps  taken  in  A  through  D  are  directed  at  insuring  that 
a  high-quality  assembly  is  produced ,  and  that  in  those  cases  where 
a  failure  has  occurred,  there  will  be  a  data  track  that  will  lead 
to  an  understanding  of  where  the  true  problem  is.  The  next  step  in 
the  quality  assurance  process  is  that  of  using  computerized  inspec¬ 
tion  techniques,  such  as  computerized  through  transmission  ultrasonic 
inspection  systems  to  detect  voids  of  imperfections  m  the  completed 
assemblies. 

F.  Assembly  Usage 

The  final  step  in  the  records  of  a  specific  assembly  is  its  assign¬ 
ment  to  a  specific  customer's  airplane  and  the  storage  for  retrieval 
for  the  service  life  of  the  airplane. 

•The  configuration  control  problems  on  some  major  systems  development  efforts 
have  caused  some  very  large  cost  overruns  and  schedule  delays.  It  is  recommended 
that  a  strong  thread  of  configuration  control  be  woven  into  the  documents  for 
the  Factory  of  the  Future.  Without  this  important  function  planned  into  the 
systems  development  effort,  there  is  no  assurance  that  the  systems  will  support 
the  required  product  quality  and  reliability. 
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),  Redefinition  of  Executive  ReaponsiM Ilty 

In  5.3.4  of  the  System  Requirements  Document,  it  was  stated  that  there 
should  be  «  single  executive  responsible  f or  a  combination  of  some  design  and 
some  manufacturing  functions.  1  believe  that  this  recotaaendation  is  inappro¬ 
priate  in  this  document  for  two  reasonei 

a.  System  Requirements  Document:  does  not  appear  to  be  the 
appropriate  place  to  define  management  reporting  rela¬ 
tionships. 

b.  Some  companies  have  found  it  to  be  very  affective  to  have 
teams  of  manufacturing  and  q^iality  people  assigned  to  the 
engineering  design  areas  to  aid  In  the  evolution  of  the  op¬ 
timum  designs.  These  operations  representatives  sign  the 
drawings  for  the  manufacturing  and  quality  management  that 
has  the  actual  production  responsibility. 


4.  Hunan  Resource  Management 

Page  7-7,  the  third  paragraph  from  the  top  has  a  '‘Diagram  2"  reference 
that  Z  as suae  should  have  been  Figure  7-4. 

In  this  same  section  are  noted  "Human  Resources  Manageaent"functions , 
such  as  Payroll  Personnel  Systems  (PPS) ,  fisployee  Records  Systems  (ERS ) , 
etc.  With  the  continuing  "introduction  of  new  che  licals  into  the  work  place, 

Z  believe  that  serious  consideration  should  be  given  to  including  an  "Epi- 
demi  logical  Data  Base'  in  the  computerized  personnel  data. 

The  epidemi logical  data  base  would  keep  track  of  all  of  the  hazardous 
materials  that  enter  the  factory,  where  they  are  used,  who  was  exposed  to 
them  under  what  conditions,  for  hew  long,  and  the  appropriate  medical  history 
of  the  individuals. 

Most  aerospace  companies  tend  to  have  very  poor  records  of  the  hazardous 
materials  that  they  use,  and  even  leas  information  on  the  exposure  of  indi¬ 
viduals.  The  big  problem  today  is  to  try  and  determine  what  should  be  con¬ 
sidered  hazardous.  The  present  situation  is  clouded,  but  with  the  emphasis 
being  placed  on  the  handling  of  hazardous  and  toxic  material,  I  belivve  that 
a  1995  HRM  System  would  bo  incomplete  without  this  provision.- 

I  would  suggest  thdt  ycu  call  Mr.  Michael  Stewart,  Boeing  Commercial 
Airplane  Company  Organization  6-5645,  phone  (206)  237-6467  for  information 
on  a  computerized  epidemi logical  data  base  that  is  probably  the  most  advanced 
in  the  aerospace  industry  today. 
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5.  Reipcr.au  ksK'sA  by  Procter  Management 

A.  Mho  should  b«  responsible  for  in  formation  resource  management? 

ANSWER  -  The  information  resources  of  a  company  are  one  of  its  most 
valuable  assets.  Responsibility  should  be  at  the  executive  level 
where  engineering  and  manufacturing  both  report.  In  some  companies, 
this  is  at  the  level  "of  the  executive  vice  president  where  several 
divisions  of  the  company  report  that  use  the  same  data  base. 

In  distributed  systems,  the  functional  organizations  need  to  be  able 
to  us a  tha  data  as  they  wish. 

B.  What  should  we  say  in  future  systems  specifications?  • 

ANSWER  -  I  believe  that  each  detail  system  specification  document 
prepared  for  the  use  of  an  aerospace  company  will  be  different.  There 
will  be  similarities  in  the  type  of  data  used  and  where  it  is  used. 

To  get  a  handle  on  the  problem,  I  would  ground  rule  a  typical  company 
of  modest  sire  and'  limited  product  mix,  and  prepare  a  specification. 

Your  consortium  members  should  be  able  to  provide  data  usage  infor¬ 
mation  that  could  be  factors  for  the  company  size  that  you  select. 

The  resulting  data  then  could  be  used  by  many  companies  to  develop 
their  own  specifications.  This  known  foundation  would  be  a  much 
better  starting  point  for  most  companies  than  having  no  starting  point. 

C.  How  should  the  balance  of  the  work  be  prioritized? 

ANSWER  - 

1.  Revise  existing  documents  as  recommended. 

2.  Prepare  what  could  be  considered  to  be  an  abbreviated 
system  specification  with  a  lot  of  back-up  data  in  the 
appendix. 

3.  Develop  an  implementation  plan. 

4.  Develop  special  presentations  that  can  be  used  to  com¬ 
municate  the  results  of  projects  to  industry. 

D.  What  should  be  the  strategy  for  implementation? 

ANSWER  -  A  systems  development  plan  can  only  be  implemented  by  a  company 
that  is  convinced  that  it  will  get  a  return  on  its  investment  or  must 
take  action  to  remain  competitive.  I  am  of  the  opinion  that  some  of  the 
new  weapons  systems  will  force  the  introduction  of  more  computerized 
systems.  There  needs  to  be  more  emphasis  on  production  capability  in 
the  source  selection  process  than  there  has  been  in  the  past. 

The  ICAM  program  is  taking  the  steps  that  are  required  in  evolving  the 
building  block  for  the  Factory  of  the  Future.  By  working  on  these 
building  blocks  or  modules,  they  are,  through  the  competition  process, 
getting  many  companies  headed  in  the  right  direction.  By  giving  a  devel 
opcaent  contract  to  one,  they  are  stimulating  many  to  try  and  stay  com¬ 
petitive. 
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3 . 9  Project  1105  Overview  end  Factory  of  the  Future  Scope  (presentation) 

Tn.s  section  contsins  the  project  overview  presentation  given  by 
0.  L.  Norwood 
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VOUEHT 

TECHNICAL  REQUIREMENTS/TASKS _ 

i-  The  following  tasks  shall  be  accomplished: 

V 

\ 

Task  A  -  Establishment  of  the  Master  Plan  and  Schedule  (paragraph  4.1). 

Task  B  -  Establishment  of  the  Factory  of  the  Future  Conceptual  Framework 
(paragraph  4.2)-.  (Option  1) 

> 

*  Task  C  -  Establishment  of  the  Integrated  Composites  Center  Requirements 
Definition  and  Conceptual  Design  (paragraph  4.3). 

Option  2  -  Establishment  of  the  integrated  Composites  Center  Preliminary 
Design  and  System  Specification  Document  (paragraph  4.3.8). 

Task  D  -  Establishment  of  the  "AS  IS"  Architecture  of  QA/QC  Functions 
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Manual  (paragraph  4.4.3)  and  a  Product  Assurance  Program 
Standard  (paragraph  4.4.4). 


9 14Mt 


mmosioooou 

29  June  1984 


os-v 


VOUGHT 


TIME  SPAN 


1981 

1382 

1983 

1984  | 

sToInToI 

nmmnmBBammn® 

EIBIZlBQlDEll9B(Sliai3 

BBISDE3 

Task  A 

Task  3 
Option  1 

Task  C 

Option  2 

Task  D 

n 

mmmmmmsmmmmmmmm 

_  1 

PI  t2Ct>  11* 


PTailOSIDOOOU 
29  June  1984 


xs-v 


TASK  B  ORGANIZATION  CHART 


PJ  16?MI 


*B6X  »unr  t ,z 
nOOOOICOTTlLU 


zs-v 


TASK  B 


-  Establishment  of  the  factory  of 
the  future  conceptual  framework 


FOF  CONCEPTS 


FOF  CONCEPTUAL 
FRAMEWORK 


FOF  Scoping 
Document 


FOF 

Needs  Analyses 
Document 


P)  1206  I  A 


State- 

of-the- 

Art 

Document 


FOF 

System 

Requirements 

Document 


FOF 

Conceptual 

System 

Specification 


implementation 

Strategy 

Concepts 


FTRl  105IOOOOU 
29  Jun«  1984 


A-53 


TASK  B  MILESTONES 


PO  1t>2/  14 


PTR110510000U 
29  June  1984 


*s-v 


TASK  C  ORGANIZATION  CHART 


PI  HIMJ 


rreiiosiooeou 
29  Jun«  1984 


TASK  C  -  Establishment  of  the  integrated  composites  center  (ICC) 

requirements,  conceptual  and  preliminary  design  end  system 
specification 


9S-V 


TASK  C  MILESTONES 


f 


PROGRAM  Mitt  STONES 

START 

DATE 

1981 

o(n|d 

1962 

jp'T«r*IST3Tj]ATsIoiMTD 

1963 

jlFlM|ArMljlj!AtsIorN]D 

COMPIET 

'target  " 

ION  PATE 
ACTUAL 

4  3  ESTABLISH  ICC  CONCEPTUAL 

1  NOV  8; 

r _ 

31  JUL  82 

31  JUL  12 

DESIGN 

4  1  1  ESTABLISH  ICC  SCOPE 

1  NOV  61 

«==j 

tn 

31  JAN  82 

31  JAN  82 

4  3  2  COMPLETE  NEEDS  ANALYSIS 

31  JAN  62 

t — r~~_j 

JO  APR  62 

JJ  APR  62 

4  3  3  COMPUTE  OURRE  NT 

3L  JAN  6? 

C  1  1  1 

31  Ujy  62 

Jt  MAT  82 

PRACTICE  UNDERSTANDING 

4  3  4  FORMULATE  IMPROVEMENT 

3C  APR  82 

« — 1  ■ 

30  JUN  82 

30  J'JN  82 

CONCEPTS 

43  S  OEFINE  ICC  SYSTEM 

30  APR  82 

1 - 1 

30  JUN  62 

30  FUN  82 

CONCEPTS 

4  3  6  PROOCCT  TO  BE"  ICC 

30  APR  82 

31  JUT  82 

Jl  JUt  61 

REQUIRE  Ml  NTS  DOCUMENTS 

4  3  7  UPDATE  PRELIMINARY 

31  JUl  62 

A 

31  JUl  82 

31  Jill  62 

DESIGN  SUBPLAN 

PHASE  III  OPTION  2 

T  SEP  62 

28  FEB  84 

DESIGN 

4  3  6  1  RHINE  AND  DETAIL 

1  SEP  62 

r  -» 

30  NOV  62 

JU  NOV  82 

REUUIIU  Ml  NTS 

— 

-  _ _ _ _  — 

- - .  .. - -  ’  .  _  - 

_ 

.  —  _ - 

4  3a  2  DESIGN  ICC  SYSTEM 

4  3  •  3  PRODUCE  "TO  BE** 

t  OEC  8  2 

1  DEC  62 

— 

cd 

-  .. 

28  FEB  13 

7&  f  i  fl  i  i 

26  FEB  83 

71  Fin  83 

ICC  MODUS 

-  • 

... 

^  J  »  4  r  HI  MmJL  E  ■*<  jl  jI  1  M 

DESIGN  SPEC 

4  3  6  5  PRODUCE  ICC 

T  SEP  83 

* - » 

31  OCT  61 

IMPLEMENTATION  plan 

4  3  6  6  ESTABttSH  ICC  TEST  PI  AN 

1  JUl  83 

<==> 

30  AUG  83 

4  3  8  T  PRODUCE  ICC 

1  MAR  6} 

E - 

30  JUN  83 

DEVELOPMENT  PL  AN 

CORE  3  0RAEI  FINAL  RIPOflT 

1  NOV  83 

o 

10  NOV  61 

Pi  ib2t 


PTB110510000U 
29  Juna  1964 


A-57 


\ 


TASK  D  ORGANIZATION  CHART 


fj  5*2/  I) 


PTK110510000U 
29  June  1984 


bS-Y 


TASK  D  MILESTONES 


PROGRAM  MILESTONES 


START 

OATE 


tail 

o|n]o 


198? 

7[7|m|a|m|j|j|a1s}o|n|p 


1983 


j|f|m}a[m|j|j|a|s|o|n|o^ 


COMPLETION  OATE 
ACTUAL 


TARGET 


4  4  GA/QC 

TECHNICAL  REQUIREMENTS 


OCT  11 


sep  a? 


4  4.1  PROJECT  PLAN  AND  SCHEDULE 


OCT  SI 


31  JAN  a? 


31  JAN  82 


4  4  2  UNDERSTAND  THE  PROBLEM 


JAN  82 


31  MAR  83 


4  4  2  1  FERFOF1M  NEEDS  ANALYSIS 


FED  £2 


30  NOV  82 


31  jan  a: 


4  47.2  ESTABLISH  "AS  IS" 
ENVIRONMENT 


JAN  £2 


31  DEC  82 


31  DEC  82 


44  2  3  ESTABLISH  "AS  IS" 

COMPOSITE  QAJQC  MODELS 


FEB  82 


*2  SEP  82 


IT  SEP  82 


4  4  2  4  ESTABLISH  "AS  IS" 

ARCHITECTURE  INTERFACE 


APR  82 


31  OEC  82 


31  OEC  82 


4  4  2  S  ESTABLISH  IMPROVEMENT 
CONCEPTS 


JUL  82 


31  MAR  83 


44  3  ESTABLISH  QA/OC  MANUAL 


AUQ  82 


30  JUN  83 


4  4  4  ESTABLISH  QA  PROGRAM 
STANDARD 


AUG  82 


31  JUL  S3 


P3  *621  1C 


FT8110510000U 
29  June  1984 


PROJECT  1105  -  LIFE  CYCLE  DOCUMENTS  TO  BE 
COMPLETED  DURING  CONTRACT 


DELIVERABLES 

ICAM  LIFE  CYCLE 

PHASE 

UNDERSTAND 

PROBLEM 

FORMULATE  AND 
JUSTIFY  SOLUTION 

BUILO  ANO  INTEGRATE 
SOLUTION 

IMPLEMENT  ANO  MAINTAIN 
SOLUTION 

STEP 

NEEDS 

ANALYSIS 

REQUIREMENTS 

DEFINITION 

PRELIMINARY 

DESIGN 

DETAIL 

OESIGN 

CONSTRUCTION 
ANO  VERIFICATION 
TEST 

INTEGRATION 
VALIDATION  AND 
TEST 

IMPLEMENT 
ANO  USE 

MAINTAIN  ANO 

SUPPORT 

SCOPING 
DOCUMENT  (SD) 

p 

C'lb'i 

NEEDS  ANALYSIS 
DOCUMENT  (NAD| 

jBf 

o 

SYSTEM 
ENWONMENT 
DOCUMENT  (SED) 

CtjiiDi 

‘ 

STATE  OF  THE  ART 
OOCUMENT  (SADI 

|b| 

c« 

SYSTEMS 
REQUIREMENTS 
OOCUMENT  (SRD) 

ill 

Cl 

'•D- 

• 

SYSTEM 

SPECIFICATION  (SS) 

fa! 

mmm 

ES 

■ 

SYSTEM 

DESIGN 

SPECIFICATION  (SDSi 

■i 

1 

c 

1 

■ 

SYSTEM 

TEST  PLAN  (STP| 

c 

■ 

DEVELOPMENT 

SPECIFICATIONSlDSl 

c 

■ 

■ 

C 

IMPLEMENTATION  PLAN  OOCUMENT 

b 

QA/QC  MANUAL 

D 

QA/OC  PROGRAM  STANDARD 

p)  ifij/ir 


PRODUCTION  SCHEDULING 

•  Detail  Anembly  Schedule 


INDUSTRIAL 

ENGINEERING  PRODUCTION  CONTROL 

•  Time  Standard*  •  Work  Order  Stetui  Location 


X 


Kfi 


m 


r*V 

frlr/  . 


FACTORY  OF  THE  FUTURE  GENERIC  FUNCTIONS 


C2 


CUSTOMER 
NEEDS 

It  — ► 

-► 


CUSTOMER 
REP  */ 

OROERS/RFOi 


O' 

u> 


PROVIDE 
CUSTOMER 
LIAISON  AND 
SERVICES  1 


COST/ 

STATUS 


BID  DECISIONS 

CONTRACTS 

ORDERS 


STRATEGIC  BUSINESS  PLAN 


MANAGE 
FACTORY  OF 
THE  FUTURE 


MFG 

Y  CAPABILITIES 


SOA  TECHNOLOGY 

X- 


PURCHASED 

RESOURCES 


A 


cost; 

STATUS 


4 

z 


A 

(O 

Ui 

c? 

cc 

13 

o 

to 

to 


PROPOSALS 


Ot 


D 


VOUCHT 


work  authority;contract  requirements 


information 


DEFINE  PRODUCT 
AND  PRODUCTION 
TECHNOLOGY 
REQUIREMENTS  , 


A 

10 

to 

o 

0 c 

■D 

o 

to 


DESIGN, 
MFQ  PLAN. 
PROCESS 
PLANS 


-A 


PROVIDE 

RESOURCES 


COST! 
Y  STATUS 


RESOURCES . 


.  L  cost; 

H STATUS 


MFG  CAPABILITIES 


ORGANIZATIONS 


v- 


PRODUCE 

PRODUCT 


X. 


sh 


COST! 

STATUS 


kits; 

■  SPARES 


P0» 

VENDOR 

SELECTION 


PRODUCT 


03 

MANUALS; 

SPARESIKITS 

MAINTENANCE 

INSTRUCTIONS 


PROVIDE 

LOGISTICS 

SUPPORT 


RESOURCES . 


ORGANIZATION 


V- 


-A_ 


P2112S10A  V 


ORDERS  FOR  SPARESIKITS 


04 


cost; 

STATUS 


i  saaBnBg»sttig.i*& 


A. _ l.-  - 


29  June  1984 


A-64 


FACTORY  OF  THE 
FUTURE  FUNCTIONAL  STRUCTURE 


VOUGHT 


CORPORATION1 


[RESOURCES 


STRATEGIC  PLANNING 
PRODUCT  ASSURANCE 
ENERGY  MANAGEMENT 
ADMINISTRATION 
FINANCIAL 
STATUS/COSTS 


MANAGE  FACTORY 


•  ACCOUNTING 

•  ORGANIZATION 

•  LEGAL 

•  PERFORMANCE 

•  BUDGET/SCHEDULES 

•  MANAGEMENT/CONTROL 


•  POLICIES/DIRECTIVES/ST  ANDAROS 

•  OBJECTIVE  PLANNING 

•  SAFETY  AND  ENVIRONMENTAL 
MANAGEMENT 

•  FACILITIES  AND  EQUIPMENT 
MANAGEMENT 


•  TACTICAL  PLANNING 

•  BUSINESS  SYSTEMS 

•  MANAGEMENT 
INFORMATION 
SERVICES 

•  QUALITY  PLANNING 


IMPROVED  \ 
PRODUCT  \ 
AT  REDUCED 
COS!  AND 
INCREASED  > 
PROFIT  / 


MARKETING 

CENTER(S) 


PRODUCT 

DEFINITION 

AND 

PLANNING 

CENTER(S) 


PROVISIONING  [MANUFACTURINGS  LOGISTICS 
CENTER(S)  I  CENTER(S)  J  CENTER(S) 


PROVIDE  CUSTOMER 
LIAISON  AND  SERVICES 

•  PROPOSALS 

•  NEGOTIATION 

•  CONTRACT  REPORTING 

•  WORK  AUTHORIZATION 

•  CONTRACT  MONITORING 

•  CUSTOMER  CONTACT 

•  ORDER  CHANQEt 
CANCELLATION 

•  SCHEDULE /BUDGET 
TRACKING 


ENGINEER  AND  PLAN 
PRODUCT 

•  ENGINEERING 

•  DESIGN 

•  GROUP  TECHNOLOGY 

•  PRODUCIBILITV 

•  ANALYSIS 

•  MEG  PLAN 

•  PROCESS  PLAN 

•  MAKE  OR  BUY 

•  FLOW  PLAN 

•  CAE 

•  CAD 

•  GPP 

•  OA  PLAN 


PROVIDE  RESOURCES 

•  TOOLS 

»  FACILITIES 

•  EQUIPMENT 

•  PEOPLE 

•  IN  FOR  MAT  ION  (COMPUTER 
SYSTEMS 

•  MATERIAL 

•  MATERIAL  HANDLING 
SYSTEM 

•  QAYQC 

•  ENERGY 

•  MAINTENANCE 


PRODUCE  PRODUCT 

•  CONTROL  MFG 
OPERATIONS 

•  PROCESSING 

•  STATUS  REPORTING 

•  UNMANNED  CELL 

•  MACHINE.  MAN. 
MATERIAL.  STORES.  ETC 
MONITORING 

•  NC 

•  DNC 

•  CHC 

•  AUTOMATED  INSPECTION 


PROVIDE  LOGISTICS 
SUPPORT 

•  REQUIREMENTS 

•  DOCUMENTS 

•  SPARESJKirS.  ETC 

•  FIELD  SERVICE 

•  MAINTENANCE 

•  CUSTOMER  TRAINING 


P3-120633A 


PTS1 10S 10Q00U 
29  June  1984 


A-65 


FACTORY  OF  THE 
FUTURE  FRAMEWORK 


CORPORATION  1 


MANAGE  FACTORY 


I  RESOURCES 


•  STRATEGIC  PLANNING 

•  PRODUCT  ASSURANCE 

•  ENERGY  MANAGEMENT 
ADMINISTRATION 

•  FINANCIAL 

•  STATUS/COSTS 


•  ACCOUNTING 

•  ORGANIZATION 

•  LEGAL 

•  PERFORMANCE 

•  BUDGET/SCHEDULES 

•  MANAGEMENT/CONTROL 


POLICIESJDIRECTIVES/STANOARDS 

OBJECTIVE  PLANNING 

SAFETY  AND  ENVIRONMENTAL 

MANAGEMENT 

FACILITIES  AND  EQUIPMENT 

MANAGEMENT 


TACTICAL  PLANNING  improvEdX 
BUSINESS  SYSTEMS  PRODUCT  \ 
MANAGEMENT  AT  REDUCED ' 

INFORMATION  COSE  AMD 

SERVICES  INCREASED  / 

QUALITY  PLANNING  PROFIT  / 


INFOHMATION  TRANSFER  NETWORK 

:ji  ►  i  I  ► t  ► 


MARKETING 

CENTOS) 


PROVIDE  CUSTOMER 
LIAISON  AND  SERVICES 

•  PROPOSALS 

•  negotiation 

•  CONTRACT  REPORTING 

•  WORK  AUTHORIZATION 

•  CONTRACT  MONITORING 

•  CUSTOMER  CONTACT 

•  OHOER  CHANGE/ 
CANCELLATION 

•  SCHEDULE/BUDGET 
TRACKING 


PRODUCT 

DEFINITION 

AND  PROVISIONING 

MANUFACTURING 

PLANNING  CENTER(S) 

CENTER(S) 

CENTER(S) 

ENGINEER  AND  PLAN 
PRODUCT 

•  ENGINEERING 

•  DESIGN 

•  GROUP  TECHNOLOGY 

•  PRODUCIBILITY 

•  ANALYSIS 

•  MFG  PLAN 

•  PROCESS  PLAN 

•  MAKE  OR  BUY 

•  FLOW  PLAN 

•  CAE 

•  CAD 

•  GPP 

•  QA  PLAN 


PROVIDE  RESOURCES 

•  TOOLS 

•  FACILITIES 

•  EQUIPMENT 

•  PEOPLE 

•  INFORMATION/COMPUTER 
SYSTEMS 

•  MATERIAL 

•  MATERIAL  HANDLING 
SYSTEM 

•  QA/QC 

•  ENERGY 

•  MAINTENANCE 


PRODUCE  PRODUCT 

•  CONTROL  MFG 
OPERATIONS 

•  PROCESSING 

•  STATUS  REPORTING 

•  UNMANNED  CELL 

•  MACHINE,  MAN. 
MATERIAL,  STORES,  ETC 
MONITORING 

•  NC 

•  ONC 

•  CMC 

•  AUTOMATED  INSPECTION 


LOGISTICS 

CENTER(S) 


PROVIDE  LOGISTICS 
SUPPORT 

•  REQUIREMENTS 

•  DOCUMENTS 

•  SPARES/KITS,  ETC 

•  FIELD  SERVICE 

•  MAINTENANCE 

•  CUSTOMER  TRAINING 


rmiosioooou 

29  June  1984 


A-66 


a 

v 


□  Meets  company  business  plan 
objectives 

□  Current  plant  capacity 

•  Adequate 

-  Inadquaio 

-  Fccieitles  expansion, 
construction,  etc. 

□  Have  manufacturing  technology 
and  capability 

-  Current  processes  adequate 

-  New  processes  needed 


□  Human  resources 

-  Presently  available 

-  Obtainable 

□  Material  availability  and  cost 

□  Subcontracts  requirements 


Determination  of  Company  Capabilities  _ 

VOUGHT 


P2-1126-2 


FTS110510000U 
29  June  1984 


A-67 


/ 


COMPUTER 
•  SIMULATION  AND 
MODELING 


FINANCE 

•  CONTRACTS 

•  PRICING 


PRODUCTION 
•  CAPABILITY  AND 
CAPACITY 


INDUSTRIAL 
ENGINEERING 
•  SHOPLOADING 


MARKETING 

CENTER(S) 

PROVIDE  CUSTOMER 
LIAISON  AND  SERVICES 


r 


LOGISTICS 
•  CUSTOMER 
SUPPORT 
PLAN 


PRODUCTION 
ENGINEERING 

•  FABRICATION  AND 
ASSEMBLY  PLAN 

•  STATEMENT  OF  WORK 

•  TOOLING  PLAN 


MATERIALS 

•  PRICING 

•  SUBCONTRACTOR 
MANAGEMENT  PLAN 

•  SMALL  BUSINESS  PLAN 


P3- 1627-6 


•  CUSTOMER 
REQUIREMENTS 

•  FORECASTING 

•  BUSINESS  OBJECTIVES 


CONFIGURATION 

MANAGEMENT 

PLAN 


•  DRAWINGS 
FACILITIES  PLAN 


'Z 


SCHEDULING 
•  PROGRAM  MASTER 
PLAN  AND  SCHEDULE 


ENGINEERING 

PRODUCT 

DESIGN 


QUALITY  PLAN 


•  DRAWINGS 


r  jagg...  t  . 


FTR110510000U 
29  Juns  1984 


A-68 


/ 


FACTORY  OF  THE 
FUTURE  FRAMEWORK 


MANAGE  FACTORY 


STRATEGIC  PLANNING 
PRODUCT  ASSURANCE 
ENERGY  MANAGEMENT 
ADMINISTRATION 
FINANCIAL 
STATUS/COSTS 


ACCOUNTING 

ORGANIZATION 

LEGAL 

PERFORMANCE 

BUDGET/SCHEOULES 

MANAGEMENT/CONTROL 


•  POLICIES/DIRECTIVES/STANDARDS  •  TACTICAL  PLANNING 


OBJECTIVE  PLANNING 

SAFETY  AND  ENVIRONMENTAL 

MANAGEMENT 

FACILITIES  AND  EQUIPMENT 

MANAGEMENT 


BUSINESS  SYSTEMS 
MANAGEMENT 
INFORMATION 
SERVICES 
QUALITY  FLANNINQ 


‘OfiilATiON  TRANSFER  NETWORK 


IMPROVED' 
PRODUCT 
AT  REDUCED 
COST  AND 
If;  CREASED 

pnorrr 


h %  if K  if ' \  it*  ir  ;FOHfe1ATiQN  TRANSFER  NETWORK  V 

If*-  *  'it  ►  it*' 


MARKETING 

CENTER(S) 


-PRODUCT-  : 
:P5.f  S^tTION-; 

i  fitii D  ■  i 
FLANNINQ 
CIcNTERiS) 


PROVISIONING 

CENTER(S) 


MANUFACTURING 

CENTER(S) 


LOGISTICS 

CENTER(S) 


I 


PROVIDE  CUSTOMER  ENGINEER  AND  PLAN 
LIAISON  AND  SERVICES  PRODUCT 


•  PROPOSALS 

•  NEGOTIATION 

•  CONTRACT  REPORTING 

•  WORK  AUTHORIZATION 

•  CONTRACT  MONITORING 

•  CUSTOMER  CONTACT 

•  ORDER  CHANGE/ 
CANCELLATION 

•  SCHEDULEttUDQET 
TRACKING 


•  ENGINEERING 

•  OESK3N 

•  GROUP  TECHNOLOGY 

•  PRGDUCIDiLITY 

•  ANALYSIS 

•  MFG  PLAN 

•  PROCESS  PLAN 

•  MAKE  OR  BUY 

•  FLOW  PLAN 

•  CAE 

•  CAD 

•  OPP 

•  QA  PLAN 


PROVIDE  RESOURCES 

«  TOOLS 

•  FACILITIES 

•  EQUIPMENT 

•  PEOPLE 

•  INFORMATION/COMPUTER 
SYSTEMS 

•  MATERIAL 

•  MATERIAL  HANOLINO 
SYSTEM 

•  QA/OC 

•  ENERGY 

•  MAINTENANCE 


PRODUCE  PRODUCT 

•  CONTROL  MPa 
OPERATIONS 

•  PROCESSING 

•  STATUS  REPORTING 

•  UNMANNED  CELL 

•  MACHINE,  MAN, 
MATERIAL.  STORES,  ETC 
MONITORING 

•  NC 

•  CNC 

•  CNC 

•  AUTOMATED  INSPECTION 


PROVIDE  LOGISTICS 
SUPPORT 

•  REQUIREMENTS 

•  DOCUMENTS 

•  SPARES/KITS.  ETC 

•  FIELD  SERVICE 

•  MAINTENANCE 

•  CUSTOMER  TRAINING 


FTR110510000U 
29  June  1984 


A-  69 


PRODUCT  DEFINITION  AND  PLANNING 


PRODUCT  3-0  SOLID 
GEOMETRIC  DESCRIPTION 


GEOMETRIC 
MODEL 
DATA  BASE 


ASSEMBLV/SUBASSEMBLY 


CONCEPTUAL  LAYOUT- 
FEASIBILITY  STUDIES 
ENGINEERING  DESIGN 
LAYOUT  DRAWINGS 


GROUP  TECHNOLOGY— 
PART  CODES 
DRAWING  CODES 
ILLUSTRATION  CODES 
PART  FAMILIES 


CAD 
ASSEMBLY  l 
COMPONENT  \ 
SUBASSEMBLY) 


COMPUTER-GENERATED 

DRAWINGS 


TECHNICAL  ILLUSTRATIONS 
BILL  OF  MATERIALS 


ANALYSIS  CAE _ 

FINITE  ELEMENT  MODELING 
FINITE  ELEMENT  ANALYSIS 
MECHANICAL  SIMULATION 
KINEMATICS 

ELECTRICAL  SIMULATION 
PRODUCIBILITY 


PTH110510000U 
29  Juna  1984 


A- 70 


■iasawfc-.-  ,«a 


PRODUCT  DEFINITION  AND  PLANNING 


MANUFACTURING  TECHNOLOGY 
MANUFACTURING  INFO  SYSTEMS 
PROCESS  TECHNOLOGY 
MRP 

SCHEDULING 

DECISION  SUPPORT  SYSTEMS 
GROUP  TECHNOLOGY 

PROCESS  AUTOMATION 
ROBOTICS  PROGRAMMING/SIMULATION 
FOR:  MACHINING 
SHEET  METAL 
COMPOSITES 
ELECTRICAL 
ASSEMBLY 


PROGRAMMABLE  LOGIC  CONTROLLERS 
GROUP  TECHNOLOGY 


COMPUTER  AIDED  QUALITY 
COORDINATE  MEASURING  MACHINES 
ELECTRICAL  TESTS 
VERIFICATION 
NONDESTRUCTIVE  TESTING 
PRODUCT  ASSURANCE  REPORTS 
GROUP  TECHNOLOGY 


FABRICATION  AND  ASSEMBLY 


SHEET  METAL 

MACHINING 

COMPOSITES 

ELECTRICAL 

ASSEMBLY 


NC  . 

PRODUCTION  CONTROL 
GROUP  TECHNOLOGY 


FACTORY  ANALYSIS 
FACTORY  MODELING/SIMULATION 
GROUP  TECHNOLOGY  ANALYSIS 
PROCESS  FLOW 
PRODUCIBILITY 

^MANUFACTURING  PLANNING 

COMPUTER-AIDED  PROCESS  PLANNING 
SHEET  METAL  ELECTRICAL 

MACHINING  ASSEMBLY  ■ 

COMPOSITES 

PROCESS  PLAN  PICTORIALS 
TIME  STANDARDS 
COST  ESTIMATING 
PROJECT  CONTROL  SYSTEM 
GROUP  TECHNOLOGY 
MAKE/BUY 

TOOLS  AND  FIXTURES 
DESIGN  OF: 

TOOLS 
FIXTURES 
MOLDS 

PRODUCTION  EQUIPMENT 
GROUP  TECHNOLOGY 


FTR110510000U 
29  June  1984 


FACILITIES  PLAN 

•  PLANT  LATOUT 

•  SITE  SELECTION  _ 

•  SERVICES 


& 


PRODUCTION  SCHEDULING 

•  DETAIL  ASSEMBLY  SCHEDULE 


engineering 

DESIGN,*^^ 


gNUFACTURlNQ  TECHNOI niqv 
MANUFACTURING  INFO  SYSTEMS 
PROCESS  TECHNOLOGY 
MRP 

SCHEDULING 

DECISION  SUPPORT  SYSTEMS 
OROUP  TECHNOLOGY 


production 

engineering 

•  FABRICATION  ASSEMBLY 
PLAN 


•  Drawings 

CAD 


•  CAE  \ 

•  CAD 

•  GROUP  TECHNOLOGY 

•  PHODUClfliUTY 

•  ANALYSIS 


PRODUCTION 


-PROCESS  AUTOMATION 

SZrBWWMUL« 

SHEET  METAL 
COMPOSITES 

electrical 

assembly 


assembly 

COMPONENT 

SUBASSEMDLY 


CONCEPTUAL  LAYOUT 
FEASIBILITY  studies  ' 

engineering  desion 
layout  drawings 

product  3  D  SOLID  ' 

GEOMETRIC  DESCRIPTION 

GROUP  TECHNOI rtnv 
RAHT  COOES  ‘ 

DRAWING  COOES  I 

ILLUSTRATION  COOES  r 
part  families  J 


PRODUCT 

^mooel  ^ 

geometric 
model 
data  base  . 


.  DATA 

ORGANIZATION 


I  COMPUTER  GENERATED  ' 
[  DRAWINGS 

TECHNICAL  ILLUSTRATIONS 
»Ll  OF  MATERIALS 


I  ANALYSIS  CAE 
FINITE  ELEMENT  MODELINO 
FINITE  ELEMENT  ANALYSIS 
MECHANICAL  SIMULATION’ 
KINEMATICS 

electrical  simulation 

PRODUCIBIIITT 


PRODUCT 

definition 

AND 

planning 

CENTER(S) 

engineer  and  plan 
PRODUCT 


materials 

•  REQUIREMENTS 

•  PROCUREMENTS 

•  WAREHOUSING 


•  QA  PLAN 

•  INSPECTION  PLAN 

•  audits 


MAKE  OR  BUY 


^lilr 


COMPUTER  AIDED  quALITY 
COORDINATE  MEASURING  MACHINES 
ELECTRICAL  TESTS 
VERIFICATION 

NONDESTRUCTIVE  TESTINQ  ’ 
PROOUCT  ASSURANCE  REPORTS 
GROUP  TECHNOLOGY 


•  MFQ  PLAN 

*  •  PROCESS  PLAN 

MANUFACTURING  pi  lhh 
I  «>“FDTEfl  AIDtiTpROCESJ  PLANN.nT 
SHEET  METAL  ELECTRICAL 

MACHINING  ASSEMBLY 

COMPOSITES 

PROCESS  PLAN  PICTORIALS 
TIME  STANDARDS 
COST  ESTIMATING 
project  control  system 
GROUP  TELHNOLOGY 
MAKEiBUT 


FACTORYAHAUrsiS 
factory  mcdelincsisimulatTon" 

GROUP  TECHNOLOGY  ANALYS’S 

process  flow 
prooucibiuty 


IM 


tools  and  fixtures 

DESIGN  OF;  — 

v  TOOLS 
'  PTXTURES 

molds 

PRODUCTION  EQUIPMENT 
GROUP  TECHNOLOGY 


_  *  Dewing* 
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> 


FACTORY  OF  THE 
FUTURE  FRAMEWORK 


MANAGE  FACTORY 


STRATEGIC  PLANNING 
PRODUCT  ASSURANCE 
ENERGY  MANAGEMENT 
ADMINISTRATION 
FINANCIAL 
STATUS/COSTS 


ACCOUNTING 

ORGANIZATION 

LEGAL 

PERFORMANCE 

BUOGET/SCHEOULES 

MANAGEMENT/CONTROL 


POLICIES/DIRECTIVES/ST  AND  ARDS 

OBJECTIVE  PLANNING 

SAFETY  AND  ENVIRONMENTAL 

MANAGEMENT 

FACILITIES  AND  EQUIPMENT 

MANAGEMENT 


TACTICAL  PLANNING 
BUSINESS  SYSTEMS 
MANAGEMENT 
INFORMATION 
SERVICES 

QUALITY  PLANNING 


MARKETING 

CENTER(S) 


PRODUCT 

DEFINITION 

AND 

PLANNING 

CENTER(S) 


PROVISIONING 

CENTER(S) 


MANUFACTURINGS 
CENTER(S) 


LOGISTICS 

CENTER(S) 


PROVIOE  CUSTOMER 
LIAISON  AND  SERVICE 

•  PROPOSALS 

•  NEGOTIATION 

•  CONTRACT  REPORTING 

•  WORK  AUTHORIZATION 

•  CONTRACT  MONITORING 

•  CUSTOMER  CONTACT 

•  ORDER  CHANGE! 
CANCELLATION 

•  SCHEDULEJBUDQET 
TRACKING 


ENGINEER  AND  PLAN 
PROOUCT 

•  ENGINEERING 

•  DESIGN 

•  GROUP  TECHNOLOGY 

•  PRODUCIBILITY 

•  ANALYSIS 

•  UFGPLAN 

•  PROCESS  PLAN 

•  MAKE  OR  BUY 

•  FLOW  PLAN 

•  CAE 

•  CAD 

•  GPP 

•  OA  PLAN 


PROVIDE  RESOURCES 

•  TOOL3 

•  FACILITIES 

•  EQUIPMENT 

•  PEOPLE 

•  INFORMATION/COMPUTER 
SYSTEMS 

•  MATERIAL 

•  MATERIAL  HANDLING 
SYSTEM 

•  QA/QC 

•  ENERGY 

•  MAINTENANCE 


PRODUCE  PROOUCT 

•  CONTROL  MFQ 
OPERATIONS 

•  PROCESSING 

•  STATE  1  REPORTING 

•  UNMANNED  CELL 

•  MACHINE.  MAN, 
MATERIAL,  STORES.  ETC 
MON'TORING 

•  NC 

•  DNC 

•  CNC 

•  AUTOMATED  INSPECTION 


PROVIDE  LOGISTICS 
SUPPORT 

•  REQUIREMENTS 

•  DOCUMENTS 

•  SPARES/KITS.  E/C 

•  FIELD  SERVICE 

•  MAINTENANCE 

•  CUSTOMER  TRAINING 
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•  OA/QC 


•  EQUIPMENT 


P3-16J7.10 


A-75 


■\  - 


FACTORY  OF  THE 
FUTURE  FRAMEWORK 


CORPORATION 1 


STRATEGIC  PLANNING 
PRODUCT  ASSURANCE 
ENERGY  MANAGEMENT 
ADMINISTRATION 
FINANCIAL 
STATUS/COSTS 


MANAGE  FACTORY 

ACCOUNTING 
ORGANIZATION 
LEGAL 

PERFORMANCE 
BUDGET/SCHEDULES 
MANAG  EMENT/CONTROL 


POUCIES/OIRECTIVES/STAN  CARDS 

OBJECTIVE  PLANNING 

SAFETY  AND  ENVIRONMENTAL 

MANAGEMENT 

FACILITIES  AND  EQUIPMENT 

MANAGEMENT 


TACTICAL  PLANNING 
BUSINESS  SYSTEMS 
MANAGEMENT 
INFORMATION 
SERVICES 

QUALITY  PLANNING 


MARKETING 

CENTER(S) 


PROVIDE  CUSTOMER 
LIAISON  AMO  SERVICES 

•  PROPOSALS 

•  NEGOTIATION 

•  CONTRACT  REPORTING 

•  WORK  AUTHORIZATION 

•  CONTRACT  MONITORING 

•  CUSTOMER  CONTACT 

•  ORDER  CHANGE! 
CANCELLATION 

•  SCHEDULUBUDGET 
TRACKING 


|  PRODUCT 

N  DEFINITION 

G  AND 

1  PLANNING 

3  CENTER(S) 

PROVISIONING 

CENTER(S) 

ENGINEER  AND  PLAN 

PROVIDE  RESOURCES 

PRODUCT 

•  TOOLS 

•  ENGINEERING 

•  FACILITIES 

•  OESK3N 

•  EQUIPMENT 

•  GROUP  TECHNOLOGY 

•  PEOPLE 

•  PROOUCIBILITY 

•  INFORMATION/COMPUTER 

•  ANALYSIS 

SYSTEMS' 

•  MFQ  PLAN 

•  MATERIAL 

•  PROCESS  PLAN 

•  MATERIAL  HANDLING 

•  MAKE  OR  GUY 

SYSTEM 

•  FLOW  PLAN 

•  QASOC 

•  CAE 

•  ENERGY 

•  CAD 

•  MAINTENANCE 

•  CPP 

•  QA  PLAN 

MANUFACTURING 

CENT£R($) 


LOGISTICS 

CENTER(S) 


PRODUCE  PRODUCT 

•  CONTROL  MFQ 
OPERATIONS 

•  PROCESSING 

•  STATUS  REPORTING 

•  UNMANNED  CELL 

•  MACHINE,  MAN. 
MATERIAL,  STORES,  ETC 
MONITORING 

•  NC 

•  ONC 

•  CMC 

•  AUTOMATED  INSPECTION 


PROVIDE  LOGISTICS 
SUPPORT 

•  REQUIREMENTS 

•  DOCUMENTS 

•  SPARES/KITS,  ETC 

•  FIELD  SERVICE 

•  MAINTENANCE 

•  CUSTOMER  TRAINING 
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VQUGHT 


Manufacturing  Decisions  Effect 
the  Production  Processes! 


Management 


Resources 
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FINANCE 

•  CONTRACTS 

•  LABOR 

•  WORK-IN  PROCESS 


PRODUCT  DESIGN 


•  DRAWINGS 


•  CONTROL  MFG 
OPERATIONS 


PRODUCTION 


PRODUCTION 
ENGINEERING 
•  FABRICATION  ASSEMBLY 
PLAN 


PRODUCTION  CONTROL 

•  WORK  ORDER  STATUS  LOCATION 
®  PRIORITIES 

•  SHORTAGES  J'jEMEjl 

•  COMPLETIONS  .J  a/ 


PRODUCTION  / 

REQUIREMENTS  ' 

•  INVENTORY  ADJUSTMENTS 

•  PRODUCTION 

•  SPARES 

•  REFABS  lip"  ) 

•  TESTS  I 


P3  1627-7 


MANUFACTURING 

CENTER(S) 

PRODUCE  PRODUCT 


QUALITY 


■4m 


•  MACHINE,  MAN, 
MATERIAL,  STORES,  ETC 

.  MONITORING 

•  STATUS  REPORTING 


•  AUTOMATED  INSPECTION 


Mil 


•  UNMANNED  CELL 

•  CNC 

•  DNC 

•  NC 

•  PROCESSING 


MATERIALS 


•'HI 


LOGISTICS 


PRODUCTION  SCHEDULING 


INDUSTRIAL 

ENGINEERING 
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FACTORY  OF  THE 
FUTURE  FRAMEWORK 


CORPORATION 


MANAGE  FACTORY 


•  STRATEGIC  PLANNING 

•  PRODUCT  ASSURANCE 

•  ENERGY  MANAGEMENT 

•  ADMINISTRATION 

•  FINANCIAL 

•  STATUS/COSTS 


ACCOUNTING 

ORGANIZATION 

LEGAL 

PERFORMANCE 
BUOGETfSCHEDULES 
MANAGEMENT/CON  TROL 


POLICIES/DIRECTIVES/STANDARDS 

OBJECTIVE  PLANNING 

SAFETY  AND  ENVIRONMENTAL 

MANAGEMENT 

FACILITIES  AND  EQUIPMENT 

MANAGEMENT 


TACTICAL  PLANNING!  improved'' 


BUSINESS  SYSTEMS 
MANAGEMENT 
INFORMATION 
SERVICES 
QUALITY  PLANNING 


PRODUCT  \ 
AT  REDUCED 
COST  AND 
INCREASED  > 
PROFIT  / 


marketing 

CENTER(S) 


PROVIDE  CUSTOMER 
LIAISON  AND  SERVICES 

•  PROPOSALS 

-  NEGOTIATION 

•  CONTRACT  REPORTING 

•  WORK  AUTHORIZATION 

•  CONTRACT  MONITORINQ 

•  CUSTOMER  CONTACT 

•  OROER  CHANGE/ 
CANCELLATION 

•  SCHEDULEfBUDQET 
TRACKING 


PRODUCT 

DEFINITION 

AND 

PLANNING 

CENTER(S) 

I  _!■■■■  !■.!»— MB 

ENGINEER  AND  PLAN 
PRODUCT 

•  ENOINEERINQ 

•  DESIGN 

•  GROUP  TECHNOLOGY 

•  PRODUCIBILITY 

•  ANALYSIS 

•  MFG  PLAN 

•  PROCESS  PLAN 

•  MAKE  OR  BUY 

•  FLOW  PLAN 

•  CAE 

•  CAD 

•  GPP 

•  QA  PLAN 


PROVISIONING  1MANUFACTURING 
CENTER(S)  1  CENTER(S) 


PROVIDE  RESOURCES 

•  TOOLS 

•  FACILITIES 

•  EQUIPMENT 

•  PEOPLE 

•  INFORMATION  ^COMPUTER 
SYSTEMS 

•  MATERIAL 

•  MATERIAL  HANDLING 
SYSTEM 

•  QA/QC 

•  ENERGY 

•  MAINTENANCE 


PRODUCE  PRODUCT 

•  CONTROL  MFQ 
OPERATIONS 

•  PROCESSING 

•  STATUS  REPORTING 

•  UNUANNEOCELL 

•  MACHINE,  MAN. 
MATERIAL,  STORES.  ETC 
MONITORINQ 

•  NC 

•  DNC 

•  CNC 

•  AUTOMATED  INSPECTION 


LOGISTICS 

CENTER(S) 


PROVIDE  LOGISTICS 
SUPPORT 

•  REQUIREMENTS 

•  DOCUMENTS 

•  SPARESJKITS.  ETC 

•  FIELD  SERVICE 

•  MAINTENANCE 

•  CUSTOMER  TRAIHINO 
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VOUGHT 


Logistics 

PROBLEM:  SOME  PARTS  MADE  FROM  7075-T6 

ALUMINUM  WITH  STIFFENING  BEADS  (CVD 
NO.  3078)  ARE  DEVELOPING  STRESS 
CRACKS 

SOLUTION:  ®  SEARCH  STORED  DATA  FOR  ALL  PARTS 

WHICH  ARE: 

•  MADE  OF  7075-T6  ALUMINUM 

•  HAVE  BEAD  CVD  NO.  3078 
(2)  NOTE:  PART  NUMBERS 

SUBJECT  TO  POSSIBLE  CRACK  DEFECTS 


29  June  1984 
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•  CUSTOMER  TRAINING 


PRODUCTION 

ENGINEERING 


LOGISTICS 

•  SPARE  REQUIREMENTS 

•  SHIPPING  ORDERS 


•  SERVICE  TOOLS 

•  ATE 

•  GSE 


PRODUCT  DESIGN 


•  FIELD  SERVICE 

•  MTBF  REPORTS 

•  PERSONNEL 


PRODUCTION 
P.'IOUiREMENTS 

•  INVENTORY  ADJUSTMENTS 

•  PRODUCTION 

•  SPARES 

•  REFAUS 

•  TEST 


LOGISTICS 

CENTER(S) 

PROVIDE  LOGISTICS 
SUPPORT 


P31627-8 


•  DRAWINGS 


MATERIALS 


-  REQUIREMENTS 

•  DOCUMENTS 

•  MAINTENANCE 


fcAKagagfr; jub-w:  -■  - — : - 

'  '  •*N\\  , 


FTR110510000U 
29  June  1984 


A-81 


'  V 


/ 


FACTORY  OF  THE 
FUTURE  FRAMEWORK 


STRATEGIC  PLANNIKQ 
PRODUCT  ASSURANCE 
ENERGY  MANAGEMENT 
AD?JlH!STHATiON 
FINANC1AL 
STATU3JCOSTS 


ACCOUNTING 

ORGANIZATION 

LEGAL 

PERFORMANCE 
BUIWST/SCHEOULES  * 
MAN  1GSM£NT/CCNTROL 


MANAGE  FACTORY 

poucies/directives/stanoaros 

OBJECTIVE  PUNNINC 
SAFETY  AND  ENVIRONMENTAL 
MANAGEMENT 
FACILITIES  ano  equipment 
management 


TACTICAL  PLANNING 
BUSINESS  SYSTEMS 
MANAGEMENT 
INFORMATION 
SERVICES  j 

QUALITY  PLANNING  j 

INFORMATION  TRANSFER  NETWORK 


MARKETING 

CENTER(S) 


PRODUCT 

DEFINITION 

AND 

PLANNING 

CENTER(S) 


PROVISIONING 

CENTER(S) 


MANUFACTURING 

CENTER(S) 


LOGISTICS 

CENTER(S) 


PROVIDE  CUSTOMER 
LIAISON  AND  SERVICES 

•  PROPOSALS 

•  NEGOTIATION 

•  CONTRACT  REPORTING 

•  WORK  AUTHORIZATION 

•  CONTRACT  MONITORING 

•  CUSTOMER  CONTACT 

•  ORDER  CHANGED 
CANCELLATION 

•  SCHEDULE/BUDGET 
TRACKING 


ENGINEER  AND  PLAN 
PRODUCT 

•  ENGINEERING 

•  DESIGN 

•  GROUP  TECHNOLOGY 

•  PRODUCIBILITY 

•  ANALYSIS 

•  MFQ  PLAN 

•  PROCESS  PLAN 

•  MAKE  OR  BUY 

•  FLOW  PLAN 

•  CAE 

•  CAD 

•  GPP 

•  OA  PLAN 


PROVIDE  RESOURCES  PRODUCE  PRODUCT 


TOOLS 

FACILITIES 

EQUIPMENT 

PEOPLE 

INFORMATION/COMPUTER 

SYSTEMS 

MATERIAL 

MATERIAL  HANDLING 

SYSTEM 

OWOC 

ENERGY 

MAINTENANCE 


CONTROL  MFG 

OPERATIONS 

PROCESSING 

STATUS  REPORTING 

UNMANNED  CELL 

MACHINE,  MAN. 

MATERIAL,  STORES,  ETC 

MONITORING 

NC 

DNC 

CNC 

AUTOMATED  INSPECTION 


PROVIDE  LOGISTICS 
SUPPORT 

•  REQUIREMENTS 

•  DOCUMENTS 

•  SPARES/KITS.  ETC 

•  FIELD  SERVICE 

•  MAINTENANCE 

•  CUSTOMER  TRAIN1NQ 
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•  ACCOUNTING 


•  ORGANIZATION 


•  PERFORMANCE 


/ 


•  QUALITY  PLANNING  •  OBJECTIVE  PLANNING 
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3.10  Project  1105.  Task  B.  Systems  Requirement  Document 
Review  (Presentation) 

This  section  contains  the  Task  B,  Systems  Requirements 
Document  presentation  given  by  R.  L.  Morasfci . 
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SYSTEM  REQUIREMENTS  DOCUMENT  (SRD) 

•  DERIVED  FROM  NEEDS  ANALYSIS 
e  ESTABLISHES  FUNCTIONAL  REQUIREMENTS 
i  DETAILS  GENERIC  NEEDS  CATEGORIES 

-  DESCRIPTION 

-  CONCEPTS 

-  EXAMPLES 

-  IMPACT 

•  PROVIDE  BASIS 

-  SYSTEM  SPECIFACTION 

-  IMPLEMENTION  STRATEGY 
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INFORMATION  resource  MANANGEMENT  (IRM) 

•  timely  and  accurate  information  mandatory 

*  CURRENT  INFORMATION  SYSTEMS  GENERALLY 

~  DEPARTMENT  oriented 
"r  data  structure  dependent 
*  inflexible 

a  MINOR  CHANGE S  =  MASSIVE  MODIFICATION 
HARDWARE  DEPENDENT 
-  NOT  USED  EFFECTIVELY 

•  KEY  TO  INTEGRATION  AND  MFC  FLEXIBILITY 
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IRM  CONCEPTS 

•  FUNDEMENTAL  FOF  BUILDING  BLOCK 


-  LOGICAL  COMMON  FACTORY  DATA  BASE 

A  DISTRIBUTED 
A  CENTRAL 

-NEUTRAL  DATA  STRUCTURE/COMMON  DATA  MODEL 

-  HARDWARE  INDEPENDENCE 

-  RAPID  DATA  CHANGE 

A  USER 

A  WITHOUT  SOFTWARE  MODIFICATION 


•  FACTORY  WIDE  COMMUNICATIONS  NETWORK 

•  USER  DEVELOPED  INFORMATION 

•  DESIGN  TO  MEET  USER  REQUIREMENTS 


PT8110510000U 
29  June  1984 


A-88 


ES7 


KT-I  f  l%ir^l  litMli 


a:  7“  '•• 

lUftfrlrtWUiaAiHS-ry^  •  V.*.  L 


LOGICAL  DATA  8TRUCTURE 


THREE  ARCHITECTURE  APPROACH 
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IRM  IMPACT 

d  AFFECTS  VIRTUALLY  EVERY  FUNCTION 
9  REQUIRED  INFORMATION  TO  ALL  USERS 

-  WHEN  NEEDED 

-  IN  FORM  NEEDED 

•  IMPACT  ON  MANAGEMENT 

-  BETTER  COMMUNICATION 

-  PROVIDE  DECISION  SUPPORT  TOOLS  &  INFORMATION 

-  SOFT  ALLOCATION  OF  RESOURCES  (MATRIX  MGMT) 

-  MANAGE  AND  CONTROL  CO.  KNOWLEDGE 

-  GREATER  ORGANIZATIONAL  FLEXIBILITY 

•  IMPACT  ON  HUMAN  RESOURCES 

—  JOB  ELIMINATION 

-  JOB  CREATION 

-  NEW  SKILLS  &  JOB  ROLES 
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MANAGE  FACTORY 

•  OBJECTIVE:  IMPROVE  PRODUCTIVITY 

•  THREE  THINGS  WORK  AGAINST 

-  REWARD  SYSTEM 

A  YEARLY  GOALS 
A  QUARTERLY  EMPHASIS 

•  SHORT  TERM  OUTLOOK 

•  HIERARCHIAL  ORGANIZATIONAL  STRUCTURE 

-  FOSTERS  AUTHORITARIAN  PEOPLE  MGMT 

A  PEOPLE  COGS  IN  VAST  MACHINE 
A  LOSING  EFFECTIVENESS 

-  NEED  MORE  PARTICIPATIVE  APPROACH 
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MANAGE  FACTORY  CONCEPTS 

©  INSEPARABLE  FROM  IRM 
©  INFORMATION  INTEGRITY  VITAL 

-  PLAN 

-  CONTROL 
~  DIRECT 

©  INCLUDES 

“  technology  assessment 

-  implementation 

—  MANAGEMENT  OF  CHANGE 

-  PRODUCT  QUALITY 

-  PRODUCTIVITY 

-  LONG  RANGE  PLANNING 

A  WHAT  PRODUCT/PRODUCTS 
A  FACILITIES 
A  PERSONNEL 
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MANAGE  FACTORY  IMPACT 

•  FINANCIAL  IMPLICATIONS 

-  COST  ACCOUNTING 

-  ROI/ROA  EMPHASIS  . 

•  CULTURAL  ASPECTS  (ALL  LEVELS) 

-  PERSONNEL 

-  ORGANIZATION 

-  WORK  ENVIRONMENT 

0  PRODUCE  PRODUCT  AND  ASSURE 

-  REASONABLE  CUSTOMER  COST 
~  PROFIT 

-  COMPANY  LONGEVITY 

•  IMPROVED  COORDINATION  THROUGH  INTEGRATION 

•  IMPROVED  DECID  DECISION  MAKING 


ftruosioooou 
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PRODUCT  DEFINITION  & 

•  COMBINES  INTERACTIVE  DEP 


-  DESIGN 

-  MANUFACTURING 

-  TOOL,  ETC. 

•  PRODUCT  DESIGN 

-  GEOMETRY 

-  ENGINEERING  ANALYSIS 

-  NON-GEOMETRIC  DATA 

O  MANUFACTURING  PLANNING 

-  PROCESS  PLANS 

-  TOOL  PLANS 

-  QUALITY  PLANNING 

-  PRODUCTION  PLANNING 

•  FACILITIES  DESIGN 

•  PLANT  LAYOUT 


■  •  •* 
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PLANNING  (PDP) 


NDENT  ENGINEERING  FUNCTIONS 
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PDP  CONCEPTS 

•  DESIGN  FOR 

-  COST 

-  PRODUCIBILITY 

-  QUALITY 

•  REDUCTION  OF  ECO'S 

•  REDUCE  LEAD  TIME 

•  DESIGN  TO  PROCESS  VIA  COMPUTER 
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PDP  REQUIREMENTS 

•  REDEFINE  EXECUTIVE  RESPONSIBILTY 

•  COMPUTER  GRAPHICS 
©  SOLID  MODELING 

©  PRE-PRODUCTION  MFG  "PROOFING" 

-  MFG  PLANS 

-  TOOLS 

-  PRODUCTION  SPECS 

-  SET-BACKS, ETC, 

•  GROUP  TECHNOLOGY 

•  GENERATIVE  PROCESS  PLANNING 

•  ON-LINE  PERFORMANCE  STATUS 


A-96 


PRODUCT  ASSURANCE  (PA) 

9  QUALITY  IS  EVERYONE'S  RESPONSIBILITY 
•  GUS  SCHRADER,  VP  MFG,  TRW,  (AM  JAN  83) 

-  "WE  EXCEL  AT  SCRAPPING  BURNT  TOAST" 

-  “STATUS  QUO  UNACCEPTABLE" 

-  "CREATE  AWARENESS  FROM  CEO  ON  DOWN" 

-  "PLAN  FOR  QUALITY" 

-  "FASTEST  TRACK  TO  PRODUCTIVITY*1 

«  QUALITY  OR  PRODUCTION 

-  NO  LONGER  A  CHOICE 

-  MUST  HAVE  BOTH 

©  DESIGN  AND  BUILD  IN 

-  CAN  NO  LONGER  AFFORD  TO  INSPECT  IN 
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PA  CONCEPTS 

•  INFORMATION  IS  THE  KEY  TO  QUALITY 

•  REQUIREMENTS  FOR  QUALTITY  QUALITY  MUST  BE  INTEGRATED 

•  IMPROVE  Tl&E  METHODS 

—  STATISICAL  QUALITY  CONTROL  -  DEMING 

-  NON-DESTRUCTIVE  TESTING 

•  IMPROVED  QUALITY  INFORMATION 

-  INTERNAL 

-  EXTERNAL 

-  VENDORS 

-  SUBCONTRACTORS 

-  CUSTOMER 

•  IMPROVED  QUALITY  IN 

-  SOFTWARE  -  EQUIPMENT  -  PROCESS 

-  HARDWARE  -  PRODUCT 

•  LEAD  TO  IMPROVED  PRODUCTIVITY 
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HUMAN  RESOURCE  MANAGEMENT  (HRM) 


•  CULTURAL  ASPECTS  VITAL 

-  WORK  ENVIRONMENT 

-  PERSPECTIVE  OF  COMPANY  AND  MANAGEMENT 

•  FOF  WILL  (AT  ALL  LEVELS) 

—  REQUIRE  GREATER  INVOLVEMENT  OF 
A  MANAGEMENT 
A  STAFF 

-  CHANGE  ORGANIZATIONS 

-  CHANGE  PHYSICAL  LAYOUT 

-  CHANGE  JOB  CONTENT 

-  REQUIRE  DIFFERENT  SKILL  AND  JOB  KNOWLEDGE 

•  RESOLUTION  OF  HRM  PROBLEMS  IN  FOF  COULD  BE  MORE  VITAL 
THAN  SOLUTION  OF  TECHNICAL  PROBLEMS! 
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HRM  CONCEPTS 


•  MUST  RESOLVE  CULTURAL  ASPECTS 

“TO  GAIN  ACCEPTANCE  OF  FOF 

-  STIMULATE  SUPPORT  AT  ALL  LEVELS 

•  EXTENSIVE  RETRAINING  REQUIRED 

-  IN  HOUSE 

-  UNIVERSITY 

-  TECHNICAL  SCHOOL 

“  USE  OUR  HUMAN  RESOURCE  RESOURCE  MORE  EFFECTIVELY 

-  NEW  INCENTIVES  AND  MOTIVATION 

'  “  L0NG  RANGE  plannin  for  personnel  requirements 
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MATERIALS  MANAGEMENT  (MM) 

•  PROCUREMENT 

•  STORAGE 

•  MOVEMENT 

•  ALLOCATION 

-  RAW  MATERIALS 

-  COMPONENTS 
WORK-IN-PROCESS 

-TOOLS’ 

-  EQUIPMENT 

-  FACILITIES 

•  INCLUDES 

-  SUBCONTRACTOR  SUPPLIED  COMPONENTS 

-  GFE 


i 


FTR110510000U 
29  Juna  1984 


A-101 


MM 


•  40-60%  WEAPON  SYSTEM-SUBCONTRACTED 
»  I  5-25%  GFE 

•  INVENTORY  CARRYING  COSTS 
6  MATERIAL  QUALITY 

•  MATERIAL  DELIVERY 

•  INTERNAL  MATERIAL  HANDLING 


i 
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MM  CONCEPTS 


9  IMPROVED  SUBCONTRACTOR  AND  VENDOR  INTERFACE 

—  RIGHT  AMOUNT 

-  RIGHT  PLACE 

-  RIGHT  TIME 

-  APPROPRIATE  QUALITY 

-  STABILIZED  PRICE 

©AUTOMATED  MATERIAL  HANDLING 
©ENHANCED  INVENTORY  CONTROL 
©  IMPROVED  WORK-IN-PROCESS  MANAGEMENT 
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FINANCIAL  MANAGEMENT  (FM) 

•  PROFITABILITY  IS  KEY  GOAL  OF  BUSINESS  —  FOT  OR  FOF 

•  FINANCE  IS  THE  EQUALIZER  IN  EVALUATING  ALL  FUNCTIONS 

•  FINANCIAL  STRUCTURE  IS  NOT  A  MATCH  WITH  PROCESSES 
©  FOCUS  IS  ON  SHORT-TERM  PROFITABILITY 

©  FOF  MUST  BETTER  USE  FM  IN  AN  INTEGRATED  SETTING 
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PM  CONCEPTS 

•REAL  TIME  feedback 

-  COST 

-  PERFORMANCE 

-  PRODUCTIVITY 


. mrvcro lUfcT 


•  integration  of  financial  system  with  other  factor 

-  PRODUCTION  CONTROL  AC  TOR 

~  management  control 

-  MATERIAL  CONTROL,  ETC. 


•  IMPROVED  BUDGET  PLANNING 

•  IMPROVED  FINANCIAL  FORECASTING 

•  IMPROVED  ROI/ROA  ANALYSIS 
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•  EMPHASIS  ON  LONG  TERM  COMPANY  VIABILITY 


-  TECHNOLOGY  ACQUISITION 

-  STRATEGIC  ISSUES 

,  -  LESS  SHORT  TERM  EMPHASIS 
♦  FACTORY  WIDE  DATA  BASE  IS  KEY  TO  FINANCIAL  INTEGRATION 
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FM  IMPACT 

®  KNOW  FACTORY  STATUS  —  MANAGE  ACCORDINGLY 

•  KNOW  TRUE  COSTS,  BOTTLENECKS,  INEFFICIENCIES 

•  OPTIMIZE  INTEGRATED  FACTORY  FUNCTIONS 

•  ORIENT  TO  LONG-TERM  VIABILITY,  PROFITABILITY 

AND  COMPETITIVENESS 

•  FACTORY  WILL  QE  A  SINGLE  COHESIVE  UNIT 
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3.11 


This  section  contains  the  Task  B,  Needs  Analysis  presentation 
given  by  A.  Wayne  Snodgrass. 


e 


* 


A-107 


A-108 


\ 

\ 


ICAM  PROJECT  PRIORITY  1105 
ESTABLISHMENT  OF  THE  FACTORY 
OF  THE  FUTURE  FRAMEWORK 

TASK  B 
REVIEW  TEAM 
NEEDS  ANALYSIS  REVIEW 


4-5  MAY,  1963 
DAYTON,  OHIO 


A.  W.  SNODGRASS 
D.  APPLETON  COMPANY,  INC. 
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PRESENTATION  OBJECTIVES 


•  ESTABLISH  BASIS  FOR  ANALYSIS 

0  ASSESS  TASK  RESULTS  AND  IDENTIFY 

•  AREAS  OF  AGREEMENT 

•  AREAS  OF  CONCERN 

•  REQUIRED  ADDITIONAL  AREAS 

•  REVIEW  TEAM  SUGGESTIONS 
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approach 


BACKGROUND 

NEEDS  ANALYSIS  DOCUMENT  (NAD)  FORMAT 

•  ICAM  DOCUMENTATION  STANDARDS 

•  PROJECT  PRIORITY  1105  NAD 

AEROSPACE  MEMBERS  TEST  APPROACH 
REVIEW  OF  NAD 
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APPROACH 


•  BACKGROUND 

•  NEEDS  ANALYSIS  DOCUMENT  (NAD)  FORMAT 

*  ICAM  DOCUMENTATION  STANDARDS 

•  PROJECT  PRIORITY  1105  NAD 

•  AEROSPACE  MEMBERS  TEST  APPROACH 


•  REVIEW  OF  NAD 


FoF  Caecapliul  Fismawoik  Elfaal  Halalioiuhip  la  ICAtl  Lila  Cycta 


(CAM  LIFE  CYCLE  ] 

NEEDS 

ANALYSIS 

REQUIREMENTS 

DEFINITION 

PRELIMINARY 

DESIGN 

DETAIL 

DESIGN 

CONSTRUCTION 
A  VERIFICATION 
TEST 

INTEGRATION 
VALUATION  A 
TEST 

IMPLEMENT 
AND  USE 

MAINTAIN  AND 
SUPPORT 

TASKS 
DELIVER  ABIE 

UNDERSTAND 

PROBIEM 

FORMULATE  AND 
JUSTIFY  SOLUTION 

BUILD  AND  INTEGRATE 
SOLUTION 

IMPLEMENT  AND  MAINTAIN  | 
SOLUTION  1 

SCOPING  DOCUMENT 
(SOI 

X 

NEEDS  ANALYSIS 
DOCUMENT 
(NAD) 

STATE  OF  THE 

ART  DOCUMENT 
ISADI 

X 

! 

SYSTEMS 

REQUIREMENTS 

DOCUMENT 

ISROI 

X 

SYSTEM 

SPECIFICATION 

IS6I 

X 

NOTE:  THIS  FIGURE  SHOWS  TIIE  RELATIONSHIP  OF  THE  TABU  "S'  ESTABLISH  FACTORY  OF  THE  FUTURE 

CONCEPTUAL  FRAME  WORK  DELIVERABLES  TO  THE  ICAU  LIFE  CYCLE.  THIS  MATRIX  IS  OFFERED  TO 
CLARIFY  PRECISELY  WHAT  TASK  “B"  WILL  AND  WILL  NOT  PROVIDE.  SPECIFICALLY.  THERE  WILL  8E 
ONLY  A  CONCEPTUAL  DESIGN  (THE  FRAMWORKI  FOR  THE  FACTORY  OF  THE  FUTURE  PRODUCED.  AIL 
EFFORTS  IN  THIS  TASK  ARE  AIMED  AT  A  CONCEPTUAL  FRAMEWORK.  NOT  A  DETAIL  DESIGN  FOR  THE 
FACTORY  OF  THE  FUTURE. 
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NEEDS  ANALYSIS  PER  SOW 

PURPOSE:  IDENTIFY  THE  PROBLEMS  TO  BE 

ADDRESSED  BY  THE  CONCEPTUAL 
FRAMEWORK 

REQUIREMENTS: 

-  RELATE  “BOTTOM-UP’  NEEDS  TO 
“TOP-DOWN*  GOALS 

-  FROM  INTEGRATED  FACTORY  VIEW 

-  context  Defined  from  mfg-o,i 

&  DES-0,1 

-  FOLLOW  DOC.  STDS. 

‘A  NEED  IS  A  STATEMENT  OF  DEFICIENCY  OR  VOID  IN 
AN  EXISTING  MANUFACTURING  SYSTEM.” 
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TERMS  AND  ABBREVIATIONS 

•  FACTORY 

•  FACTORY  OF  THE  FUTURE  (FoF) 

•  FoF  CONCEPTUAL  FRAMEWORK 

•  FoF  IMPLEMENTATION  STRATEGY 

•  GOAL 

•  NEED 

•  IMPROVEMENT  CONCEPT 
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COALITION  TASK 


“AS  IS” 

ARCHITECTURE/ 

FUNCTIONS 

1982 


“TO  BE” 
CONCEPTUAL 
FRAMEWORK 
1995 


REF:  FIG  3-3  PG  5 
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SCOPING  DOCUMENT 


CONCEPTUAL 

FRAMEWORK 


NEEDS 


IMPROVEMENT 

CONCEPTS 


GOALS 


STATE-OF-THE-ART 


IMPLEMENTATION 

STRATEGY 


SYSTEM  REQUIREMENTS 


SYSTEM  SPECIFICATION 


REF:  FIG  3-4  PG  3-6 
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INFLATION  (CPI) 


PRODUCTIVITY  GROWTH 


12. « 


2%  2-9%  Wi 

2. IX 

lilt  Will 

1950-1965 


1965-1973 


l.ox 

.ii  r~ i 

1973-1979 


lit-;  3X 
1900 


SOURCE:  U.S.  BUREAU  OF  LABOR  STANDARDS  (BLS) 


FIGURE  A- 1  PG  A- 1 
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FIGURE  A-2  PG  A-2 


D  OF  INVESTMENT  TO 
PRODUCTIVITY  GROWTH 


(MANUFACTURING  1960~1977) 


INVESTMENT  (X  OF  GNP) 


PRODUCTIVITY  FORMULAS 


FORMULA  1: 

FORMULA  2: 

FORMULA  3: 


GOAL: 


PRODUCTIVITY 


OUTPUT  ($) 
INPUT  ($) 


PRODUCTIVITY  = 


SELLING  PRICE  ($) 
TOTAL  COST  <$) 


PRODUCTIVITY  = 


SELLING  PRICE 

DIRECT  ($)  INDIRECT  ($)  +  MATERIAL  ( 
LABOR  LABOR  (DIR.  &  IND. 


GOAL  #1  REDUCE  ANY  OF  THE  COSTS  WHILE 
HOLDING  PRICE  CONSTANT. 

GOAL  #2  REDUCE  FLOW  THROUGH  TIME  FOR 
ANY  COST  ITEM. 


OBJECTIVE:  CONVERT  CAPITAL  TO  RESOURCES;  RESOURCES 

TO  PRODUCTS;  PRODUCTS  TO  REVENUE  (REVENUE 
MINUS  COST  EQUALS  PROFIT);  PROFIT  TO  CAPITAL. 

RESULT:  PRODUCTIVITY  IS  IMPROVED  BY  RAPID  CONVERSION 

OF  CAPITAL  TO  PROFIT  AND  BACK  AGAIN  TO  CAPITAL. 


FIGURE  A-3  PG  A-3 
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APPENDIX  A  -  DETAILED  FoF  GOALS  DISCUSSION 

•  REDUCE  COST/PRICE  &  INCREASE  PROFITS 

•  IMPROVE  QUALITY 

®  IMPROVE  HUMAN  RESOURCE  MANAGEMENT 
®  REDUCE  LEAD  TIME 
«  IMPROVE  MANUFACTURING  FLEXIBILITY 
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OMPUTER  ffl  NTEGRATED  10]  ANUFACTURING 
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VICE 

PRESIDENT 


MANUFACTURING  SYSTEM  INTEGRATION 
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SOLUTION  -  CIM 


INTEGRATION: 

•  FORMING  INTO  A  WHOLE 
«  SHARE  A  COMMON  COMPONENT 

•  PHYSICAL  INTEGRATION 

•  INFORMATION  INTEGRATION 


■  iSti _ 
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computer  (Integrated  manufacturing 


®  MANUFACTURING,  WHICH  BEGINS  WITH  PRODUCT  DESIGN 
AND  ENDS  WITH  SUPPORT  AND  MAINTENANCE  IN  THE  FIELD, 
IS  A  MONOLITHIC,  INDIVISIBLE  FUNCTION. - NO  PART  CAN 

BE  SUCCESSFULLY  CONSIDERED  IN  ISOLATION  FROM  ALL 

OTHER  PARTS. 


DIVERSE  AS  THE  VARIOUS  PARTS  OF  MANUFACTURING  MAY 
SEEM,  THERE  IS  A  COMMON  THREAD  THAT  RUNS  THROUGH 
THE  FULL  SCOPE  OF  ALL  MANUFACTURING  ACTIVITIES.  -- 
MANUFACTURING  IS,  IN  THE  ULTIMATE  ANALYSIS,  A  SERIES 
OF  DATA  PROCESSING  OPERATIONS. 

DR.  JOSEPH  HARRINOTON 
1080  CAD/CAM  CONFERENCE 

4  * 
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CHANGING  THE  FOCUS 

•  EMPHASIZE  INTEGRATION  OF  MANUFACTURING 
ACTIVITY  VERSUS  SPECIALIZATION. 

O  REFOCUS  MANAGEMENT  ATTENTION  FROM 
MANUFACTURING  TECHNIQUES  TO  MANUFACTURING 
SYSTEMS. 

«>  FACE  AND  RESOLVE  NEED  FOR  MANAGEMENT 
ORGANIZATION  RESTRUCTURING 


JIM  LARDNER 
DEEREiCO. 
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CAPITAL 


RESOURCES 


\ 


UMg 

RESOURCES 


INFORMATION 

RESOURCES 
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INFORMATION  RESOURCE  MANAGEMENT  (IRM) 


“INFORMATION  IS  THE  MANAGER’S  MAIN  TOOL, 
INDEED  THE  MANAGER’S  “CAPITAL”,  AND  IT  IS  HE 
WHO  MUST  DECIDE  WHAT  INFORMATION  HE  NEEDS 
AND  HOW  TO  USE  IT." 

PETER  DRUCKER-'MANAGING  THE  INFORMATION  EXPLOSION' 


A.  I™  ~***&  "'*'  •-  •*  - 
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INFORMATION  RESOURCE  AND  HUMAN 
RESOURCE  MANAGEMENT 


•  THE  PRODUCT  OF  ANY  EMPLOYEE  THAT  DOES  NOT 
LAY  HANDS  ON  THE  HARDWARE  PRODUCT  IS  DATA 
AND/OR  DECISIONS. 

i -  — —  — -  -  mit - - - - 

•  EMPLOYEE  “PARTICIPATION”  IS  DEPENDENT  UPON 
KNOWLEDGE  OF  THEIR  SURROUNDING  ENVIRONMENT 
AND  CONTRIBUTION  OF  THEIR  DATA. 

•  [0  EAM  10  ANAGEMENT  [Q  ECHNIQUES  OFFER  AN 
EXPLOSIVE  IMPACT  ON  PRODUCTIVITY 

•  TMT  STRUCTURED  METHODOLOGIES  CHANNEL  THIS 
ENERGY  TOWARD  “TOP  DOWN”  PLANNING  GOALS 
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FoF  FINANCIAL  MODEL 
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NAD  FORMAT/ICAM  DOCUMENTATION  STANDARDS 

TABLE  OF  CONTENTS 

SECTION  1.  SCOPE 

1.1  IDENTIFICATION 

1.2  BACKGROUND 
SECTION  2.  DOCUMENTS 

2.1  APPLICABLE  DOCUMENTS 

2.2  TERMS  AND  ABBREVIATIONS 
SECTION  3.  REQUIREMENTS 

3.1  COST  /PERFORMANCE  DRIVERS  AND  HUMAN  FACTORS 

3.2  PERFORMED  ACTIVITIES 

3.3  PRIORITIZED  NEEDS 

PERSPECTIVE:  AN  APPLICATION  SYSTEM  IN  TODAY’S  ENVIRONMENT. 
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NEEDS  ANALYSIS  DOCUMENT 


TABLE  OF  CONTENTS 

SECTION  TITLE  PAGE 

1.0  SCOPE  1-1 

2.0  DOCUMENTS  2-1 

3.0  REQUIREMENTS  3-1 

3.1  OVERVIEW  3-1 

3.2  NEEDS  FOR  THE  FoF  3-7 

3.3  IMPLEMENTATION  STRATEGY  3-17 

3.4  NEEDS  NOT  ADDRESSED  3^20 

3.5  PERFORMED  ACTIVITIES  3-20 

3.6  GENERAL  FoF  NEEDS  CATEGORIES  3-22 

3.6.1  INFORMATION  RESOURCE  MANAGEMENT  3-23 

3.6.2  MANAGEMENT  AND  CONTROL  3-24 
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NEEDS  ANALYSIS  DOCUMENT  (confd) 


TABLE  OF  CONTENTS 

PAGE 

3.6.3  PRODUCT  DEFINITION  AMO  PLANNING  3-27 

3.6.4  PRODUCT  ASSURANCE  3-29 

3.6.5  HUMAN  RESOURCE  MANAGEMMT  3-30 

3.6.6  MATERIALS  MANAGEMENT  3-32 

3.6.7  FINANCIAL  MANAGEMENT  3-34 

3.7  RELATION  OF  GENERAL  NEEDS  TO  FoF  3-35 

FUNCTIONS 

3.8  CONCLUSION  3.49 

APPENDIX  A  -  DETAILED  DISCUSSION  OF  FoF  GOALS  A-1 
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AEROSPACE  MEMBERS  TEST  APPROACH 


•  COALITION  -  FRAMEWORK  ‘STORYBOARDING’ 
9  MANAGERIAL  AND  TECHNICAL  INTERVIEWS 

•  NEEDS/OPPORTUNITIES  FOR  IMPROVEMENT 
0  IMPROVEMENT  CONCEPTS  REQUIRED 

•  ENABLING  TECHNOLOGY  REQUIRED 


TE1-V 


V 


K  , 

AEROSPACE  MEMBERS  TEST  APPROACH  (cont'd) 

•  IMPROVEMENT  CONCEPTS  ANALYSIS  BASELINE 

•  MANTECH 

•  ICAM 

•  TECH  MODS 

•  AEROSPACE 


•  COMMERCIAL 
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J^qf  needs 

•  TWO  hundred  initials y  ,dent,fsed  (aooj 
®  thirty  seven  MAJOR  AREAS  (37) 

9  SEVEN  NEEDS  CATEGORIES 
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NEEDS  ANALYSIS  RESULTS 

— M— ■— I—— — — — 


•  REDUCE  PRODUCT  COST  AND  LEAD  TIME 

-  MARKETING 

-  MANAGING 

-  DESIGN  AND  ENGINEERING 
-■  PROVISIONING 

-  PRODUCTION 

-  LOGISTICS 

*  IMPROVED  FACTORY  INFORMATION  MANAGEMENT  AND  COMMUNICATSON 
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-  FASTER,  MORE  ACCURATE  INFORMATION  FLOW 

-  GREATER  USE  OF  COMMON  INFORMATION 

-  IMPROVED  USER  ACCESS  TO  REQUIRED  INFORMATION 

-  IMPROVED  INTEGRITY  OF  INFORMATION 

-  IMPROVED  DEFINITION  OF  RESOURCE  REQUIREMENTS 

-  BETTER  INFORMATION  ON  RESOURCE  USE 


ES 
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NEEDS  ANALYSIS  RESULTS  (cont'd) 

-  IMPROVED  FLEXIBILITY  AND  RESPONSIVENESS 
®  IMPROVED  MANAGEMENT 

-  INCREASED  JOB  SATISFACTION 

-  BETTER  USE  OF  PERSONNEL  SKILLS 

-  MORE  EFFICIENT  USE  OF  RESOURCES 

"  MORE  EFFICIENT  MANAGEMENT  OF 

•  PROPOSALS 

•  MATERIAL  FLOW 

•  MAINTENANCE 

•  TRAINING 

-  CLOSER  COORDINATION  OF  SCHEDULES  AND  PRIORITIES 

-  IMPROVED  TRANSLATION  OF  STRATEGIC  BUSINESS  PLANS 

•  TACTICAL  &  OPERATIONAL  PLANS 
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NEEDS  ANALYSIS  RESULTS  (contact) 

•  MORE  CONSISTENCY  WITH  BUSINESS  PLANS 

-  IMPROVED  FINANCIAL  MANAGEMENT  METHODS 
e  ROI  AND  ROA  ANALYSIS 

•  IMPROVED  COST  TRACKING 

•  IMPROVED  BUDGET  PLANNING  AIDS 
a  IMPROVED  FORECASTING  METHODS 

-  IMPROVED  MANAGEMENT  OF  TECHNOLOGICAL  CHANGE 

•  BETTER  TECHNOLOGY  IDENTIFICATION 
e  IMPROVED  METHODS  OF  EVALUATION 

•  IMPROVED  PLANNING 

•  IMPROVED  CONTROL  OF  IMPLEMENTATION 

-  BETTER  PRODUCT  ASSURANCE  INTEGRATION  AND  OPTIMIZATION 

-  IMPROVED  DECISION  SUPPORT 

•  BETTER  METHODS  TO  IDENTIFY  REQUIREMENTS 
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NEEDS  ANALYSIS  RESULTS  (cont'd) 

■MWB—— W— — — — ■— — — — — I — 

•  BETTER  SIMULATION  TOOLS 

•  BETTER  OPERATIONS  RESEARCH  TOOLS 

•  BETTER  EVALUATION  CONCEPTS 

•  IMPROVED  HUMAN  RESOURCE  MANAGEMENT 

-  BETTER  ORGANIZATIONAL  PLANNING 

-  BETTER  USE  OF  NUBIAN  RESOURCES 

-  GREATER  JOB  SATISFACTION  AND  MOTIVATION 

-  LONG  TERM  MEASUREMENT  AND  REV/ARD  SYSTEM 

-  BETTER  RECRUITING 

-  BETTER  ORIENTATION  AND  TRAINING 

-  BETTER  CAREER  DEVELOPMENT 

e  IMPROVED  FUNCTIONAL  OUTPUT 

/ 

-  MARKETING 
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NEEDS  ANALYSIS  RESULTS  (cont'd) 

•  PROPOSALS 

•  MARKET  INTELLIGENCE 
PRODUCT  DEFINITION  AND  PLANNING 

•  IMPROVED  PRODUCT  DESIGNS 

•  IMPROVED  MANUFACTURING  PLANS 

•  IMPROVED  EQUIPMENT  AND  FACILITIES  DESIGN 
PROVISIONING 

•  BETTER  FACILITIES 
®  BETTER  EQUIPMENT 

•  BETTER  TOOLS 

•  BETTER  MATERIALS 

«  GREATER  FLEXIBILITY 

•  PRODUCT  CHANGE 

•  PROCESS  CHANGE 
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NEEDS  ANALYSIS  RESULTS  (cont'd) 


-  MANUFACTURING 

•  PRODUCT  QUALITY 

•  SCHEDULE  PERFORMANCE 

-  LOGISTICS 

•  CUSTOMER  SUPPORT 

•  CUSTOMER  TRAINING 

•  KITS  AND  SPARES 


SEVEN  NEEDS  CATEGORIES 

•  INFORMATION  RESOURCE  MANAGEMENT 

•  MANAGEMENT 

•  PRODUCT  DEFINITION  AND  PLANNING 

•  PRODUCT  ASSURANCE 

•  HUMAN  RESOURCE  MANAGEMENT 

•  MATERIALS  MANAGEMENT 
«  FINANCIAL  MANAGEMENT 
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•  FqF  management 

-  CONCEPTS 
-OBJECTIVES 

-  CONTROLS 


®  available  technologies 

-  WHEN  USED 

-  logical  implementation  sequence 

•  PHYSICAL  factory  resources 
“  LIMITATIONS 

-  OPPORTUNITIES 


^UMMUNICATION 


ftHLI 


INFORMATION  management 


- » iwin  mfk 

-  NEW  concept  implementation 

AFFECT  ON  FACTORY 


REF:  3.3  PG  3-17 
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IMPLEMENTATION  STRATEGY  (cont'd) 


a  FINANCIAL  MANAGEMENT 

-  NEW  ACCOUNTING  METHODS 

-  DIRECTION  AND  CONTROL 


r 
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a  FUNCTIONS/ACTIVITIES 

-  WHAT  WILL  BE  ADDED,  DELETED  OR  CHANGED 

-  HOW  SHOULD  OLD  BE  PHASED  OUT  AND  NEW  PHASED  IN 

®  ORGANIZATION  STRUCTURE 

-  NEW  TECHNOLOGY  APPLICATION  CHANGED 

-  HUMAN  SKILL  REQUIREMENT  CHANGES 
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JjEEDS  NOT  ADDRESSFn 

•  environmental  conditions 
technological 

-  ECONOMIC 

-  REGULATION 

-  PHYSICAL  ENVIRONMENT 

-  MARKET 

©  management  style 

-  required  changes 

-  implementation  strategy 


REF:  3.4  PG  3-20 
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NEEDS  ANALYSIS  CONCLUSIONS 

•  resource  MANAGEMENT  (IRM) 

ND  INFORMATION  TECHNOLOGY  ESSENTIAL 

•  MANAGEMENT  AND  IRM  SEPARATION  IMPOSSIBLE 

•  ENGINEERING  FUNCTION  COMBINATION  ESSENTIA! 


3.7 


®  QUALITY  IS  PRODUCTIVITY  FAST  TRACK 

•  cultural  change  management  vital 

•  materials  management  critical 

•  D,RECT  vs  indirect  management  critical 

PG  3-35 
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ICAM  PROJECT  PRIORITY  1105 

ESTABLISHMENT  OF  THE  FACTORY  OF  THE  FUTURE  FRAMEWORK 


State-of-the-art  Document  Review 


Task  B  Coalition  Meeting 

May  4,  1983 
Dayton,  Ohio 

By 

R,  L.  Diesslin 
J.  Church 

to 

o 

t-4 

C 


1  IT  Research  Institute 


FTHll 


INTRODUCTION  TO  THE  STATE-OF-THE-ART  SURVEY 


PURPOSE:  TO  INVESTIGATE  THE  STATE-OF-THE-ART  TECHNOLOGY 
WHICH  SUPPORTS  THE  FACTORY  OF  THE  FUTURE  (FoF) 

FOCUS:  FACTORY  MANAGEMENT  LEVEL 


Scope  of  the  SOA  Survey: 

Primary:  Most  current  technology  with  a  demonstrated 

POTENTIAL  FOR  COST  EFFECTIVENESS 

Secondary:  Leading  edge  technology  with  a  potential  for 
DEMONSTRATING  COST  EFFECTIVENESS  BY  1995 


Emphasis:  Commercially  available  technology 


INTRODUCTION 


CAPTURING  THE  STATE-OF-THE-ART; 

-  Aiming  at  a  moving  target 

-  A  SNAPSHOT  IN  TIME 

CONSTRAINTS: 

While  manufacturing  needs  may  remain  for 
20  YEARS  (IMPLEMENTATION  CONSTRAINED)  THE 
SOA  .IS  CONSTANTLY  CHANGING  (INNOVATION 
CONSTRAINED) , 
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CONTROL  IS  COMPOSED  OF: 


1) 

2) 

3) 

4) 


Plan  Work 
Load  Resources 
Implement  Plan 

Feedback  Control  Information 

5)  Measure  Performance 

6)  Take  Corrective  Action 
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3.1 


29  June  1984 


AVAILABLE  TECHNOLOGY 


I NFORMAT I QN/COMHUN I  CAT I ONS  IS  THE  UNDERLYING  ASPECT 
OF  ALL  THAT  IS  DONE 

CONTROL  IS  A  GENERIC  ASPECT  OF  ALL  THINGS  THAT  ARE  DONE 

THE  DESIRE  IS  TO  BE  IN  CONTROL 


3.1 
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A.T ./  INFORMATION  RESOURCE  MANAGEMENT 


A.T./IRM/  DBMS 


A. T. /I RM/DBMS  -  APPENDIX  A 


TYPES  OF  DBMS  SURVEYED; 

1)  Relat ional 

2)  Networking 
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INFORMATION  FORMAT: 


DBMS  Name: 

Vendor: 

Price: 

Hardware: 

Type  of  DBMS: 

Host  Language: 
Data  Definition: 
Data  Access: 

Data  Integrity: 
Error  Handling: 
Security: 

Special  Features: 


ft:eixo51oooou 
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DBMS:  12  INCLUDED  IN  SUMMARIES 


1)  ENCOMPASS 

Tanden  Computers,  Inc. 
Relational 

2)  ORACLE 

Relational  Software,  Inc. 
Relational 

3)  DATACOM/DB 

Applied  Data  Research 
Relational 


7)  PRIME  DBMS 

Prime  Computer,  Inc. 

Network  • 

8)  DM- IV 

Honeywell  Information  Systems,  Inc. 
Network 

9)  IN6RES 

Relational  Technology,  Inc. 
Relational 


A)  NOMAD  2 
National  CSS 
Relational 


10)  SEED 

International  Data  Ease  Systems,  Inc. 
Network 


■v 


5)  SQL/DS 
IBM 

Relational 

6)  INQUIRE  and  IQ/NET 
Infodata  Systems,  Inc, 
Relational 


11)  TOTAL  . 

CINCOM  Systems,  Inc. 
Network 

12)  DBMS-10,  DBMS-20 
Digital  Equipment  Corp. 
CODASYL  Network 


3. 1,1.1 
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DBMS:  12  INCLUDED  IN  SUMMARIES 

j 

1) 

ENCOMPASS 

7) 

PRIME  DBMS 

Tanden  Computers,  Inc, 

Prime  Computer,  Inc. 

Relational 

Network 

2) 

ORACLE 

8) 

DM- IV 

Relational  Software,  Inc. 

Honeywell  Information  Systems,  Inc. 

Relational 

Network 

3) 

DATACOM/DB 

9) 

INGRES 

Applied  Data  Research 

Relational  Technology,  Inc. 

Relational 

Relational 

U) 

NOMAD  2 

10) 

SEED 

National  CSS 

International  Data  Base  Systems,  Inc. 

Relational 

Network 

5) 

SQL/DS 

11) 

TOTAL  . 

IBM 

CINCOM  Systems,  Inc. 

Relational 

Network 

6) 

INQUIRE  and  IQ/NET 

12) 

DBMS-10,  DBMS-20 

Infodata  Systems,  Inc. 

Digital  Equipment  Corp, 

Relational 

CODASYL  Network 

3. 1.1.1 
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COMPUTER  NETWORKS 


L 


THE  FOLLOWING  MAJOR  TECHNOLOGIES  ARE  PARTICULARLY  RELEVANT 
TO  TRENDS  IN  COMMUNICATION  NETWORKS: 

•  Ethernet 

-  Local  area  networks  and  their  ;  ;tercpnmpction 

>  SPEED  AND  CONNECTION  TO  OTHER  NETWORKS 

•  HYPERbus 

-  Local  area  network  communication  system 

>  speedy  (but  expensive) 

•  The  Intelligent  Cable  (TIC) 

>  BROAD  BAND  (FLEXIBILITY) 


3, 


Vendor/developer 


Cambridge 

Cambridge  llnlv. 

ring 

TDMA  (token) 

Clusterbus 

Nestar  Sys. 

bus 

TDMA  (CSKA) 

Ethernet 

Xerox  Corp. 

bus 

TDMA  { CSMA/CD) 

Flashnet 

Ford  Aerospace 

ring 

TDMA  (token) 

HYPERchannel 

Network  Sys.  Corp. 

bus 

TDMA  (CSMA/CD) 

I LL I  NET 

Unlv.  of  Illinois 

ring 

TDMA  (token) 

LCS  ring 

MIT 

ring 

TDMA  (token) 

MITOENET 

Mitre  Corp. 

bus 

FDM,  TDMA 
(CSMA/CD) 

MODWAY 

Goul d-Modlcon 

bus 

TDMA  (token) 

Net/One 

Ungermann-Bass,  Inc. 

bus 

TDMA  (CSMA) 

WangNet 

Wang  Laboratories,  Inc. 

bus 

FDM,  TDMA 
(polled) 

Z-HET 

Zllog  Corp. 

bus 

TDMA  (CSMA/CD) 

3. 


AT/IRW/  USER  INTERFACE 


HARDWARE  AND  SOFTWARE  CAPABILITIES  TO  PROVIDE.  EASE  OF  OBTAINING 

AND  SUPPLYING  INFORMATION 


HARDWARE  INTERFACE 

-  Human  Interaction 

-  Machine  Interaction 

SOFTWARE  INTERFACE 

-  User  Friendliness 

-  High  Level  Language  Proliferation 

ADVANCING  TECHNOLOGY 

-  5th  Generation  Computers 

-  Artificial  Intelligence 

-  Parallel  Computing 


AT/IRM/  USER  INTERFACE 


HARDWARE  -  HUMAN  INTERFACE  (with  CAD); 


BUILDING  BLOCK  SYSTEMS  BOUNDARY  REPRESENTATION 

Constructive  solid  geometry 


RASTER  GRAPHICS 


3. 1.1.3. 1.1 
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HARDWARE  -  MACHINE: 

o  Programmable  Controllers  (PC); 

-  Have  kept  up  with  technology 

-  Sooner  or  later  evolve  to  high-level  language 

(VS,  RELAY-LADDER  LANGUAGE) 

o  Work  Still  Needed; 

-  I/O  Interface  Standards 
PC's  TO  TIE  INTO  DATA  BASES 


3. 1.1. 3, 1.2 


AT/1 RM/  ADVANCING  TECHNOLOGY 


AT/ IRK/  USER  INTERFACE 


SOFTWARE  INTERFACE; 

o  USER  FRIENDLY  IS  NORMATIVE 

o  PROLIFERATION  OF  HIGH-LEVEL  LANGUAGES 

Basic  Pascal 

Fortran  PL-1 

Cobol  Etc . 

-  Software  is  becoming  prime  bottleneck  in 

DEVELOPING  COMPUTER  SYSTEMS 

o  IS  ADA  THE  ANSWER? 

-  Even  if  YES,  too  far  away  to  be  practical 

o  MEANWHILE,  APPLICATION  SPECIFIC  LANGUAGES  HOLD  LIMITED  PROMISE 

-  i .Ei,  Visical  Advise  1100  (programmer  support) 

Mapper  (Univac)  Etc. 


AT/IRM/  ADVANCING  TECHNOLOGY 


ARTIFICIAL  INTELLIGENCE; 

MIMIC  OR  SUPPLEMENT  HUMAN  INTELLIGENCE  IN  A 
DECISION-MAKING  CONTEXT 

1)  Knowledge  Base 

-  Set  of  information  (data)  and  its  interrelationships 
(DBMS  like) 

2)  Inference  Procedure 

-  "Reason ing"/learning  capabilities 

-  Hypothesis  modification  until  approach  found 

THEN  TRANSLATED  INTO  A  PROGRAM  AND  RUN 

THE  DEFINITION  OF  AI  IS  FLUID; 

-  Vision  capabilities  no  longer  considered  AI 

-  Voice  entry  becoming  less  and  less  an  AI 

In  fact,  they  are  now  becoming  considered  as 
_ sophisticated  input  mechanisms  _ 3. 1.1. 4.1 


29  June  1984 


AT/ I RM/  ADVANCING  TECHNOLOGY 


PARALLEL  COMPUTING; 

Serial  communications  channel  between  the  CPU  and  RAM 

5 

These  machines  are  usually  divided  up  into:  | 

I 

-  Multiple  special  purpose  functional  units 

-  Associative  processors  (eg.  key  words,,  etc) 

-  Array  processors 

-  Data  flow  processors 

-  End  storage  processors 

-  Data  base  processors 
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AT/IRM/  ADVANCING  TECHNOLOGY 


ARTIFICIAL  INTELLIGENCE  (Continued) 

NATURAL  LANGUAGE  SYSTEMS; 

o  Intellect  (AI  Corp) 
o  Planes  (U.S.  Navy) 

0  SRI  WORKING  A  GENERAL  PURPOSE  SYSTEM 


INTELLIGENT  OR  EXPORT  SYSTEMS; 

1)  Production  Systems 

-  Modular  knowledge  representation  schemes 

-  Based  on  rules  (called  produci ions) 

-  In  the  form  of  condition-action  pairs 

(IF,  THEN  =  FORMALISM) 

2)  Frame-Based  Systems 

-  Declarative  way  of  relativing  facts  in  networks 
i.e,.  Group  Technology  Systems  (class  &  coding) 


3, 1,1, A, 1 


AT/IRM/  ADVANCING  TECHNOLOGY 


PROBLEMS  WITH  PARALLEL  STRUCTURES; 

-  Designing  efficient  software  is  difficult 

-  Interconnection  devices  may  cost  more  than  the  computer  itself 

APPROACHES  TO  FAST  COMPUTING: 

1)  Fast  Component  Applications 

2)  Parallel  Structures  (e.g.,  shared  CPU's) 

-  Super  computers  are  super  in  performance  and: 

0  cost  of  hardware 

0  COMPLEXITY 


3. 1.1. 4, 2 
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APPLICATIONS  TECHNOLOGY 


DEFINITION:  COMMERCIALLY  AVAILABLE  TECHNOLOGY  WHICH  ADDRESSES  THE 
SEVEN  NEEDS  CATEGORIES 

LEVEL  ONE: 

•  ICAM  SUBSYSTEMS  TECHNOLOGIES  IDENTIFIED  IN 
PREVIOUS  S.O.A.  SURVEYS 

-  Summarized  in  terms  of  FoF  general  manager 

LEVEL 

-  Provides  continuity  among  projects 

-  Takes  advantage  of  previous  work  done  in 
ICAM  effort 

-  Assists  in  binding  subsystems' together 
into  the  FoF  context 

LEVEL  TWO: 

•  INTEGRATED  SYSTEMS  TECHNOLOGIES 

-  A  VIEW  OF  COMMERCIALLY  AVAILABLE  ATTEMPTS 
AT  TOTAL  FACTORY  SYSTEMS  INTEGRATION 

-  Key  to  FoF  S.O.A. 

-  Viewed  in  terms  of  FoF  major  functional  areas 


FTR110510000U 
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SUBSYSTEMS  TECHNOLOGY 


THE  SOA  OF  FACTORY  LEVEL  MANAGEMENT/ INTEGRATION  HAS  LAGGED 
CONSIDERABLY  BEHIND  ADVANCEMENTS  MADE  IN  DISCRETE  ELEMENTS 
OF  THE  FACTORY  STRUCTURE. 

•  Most  of  the  discrete  building  blocks  of  the  FoF 

HAVE  BEEN  AT  LEAST  IDENTIFIED,  IF  NOT  DEVELOPED 
OR  MADE  COMMERCIALLY  AVAILABLE. 

•  IN  COMPARISON,  RELATIVELY  LITTLE  HAS  BEEN  DONE 
TO  DESIGN  AND  IMPLEMENT  AN  INTEGRATED  FACTORY 
LEVEL  MANAGEMENT  STRUCTURE.  THE  REASONS  ARE 
STRAIGHTFORWARD: 

-  IT  IS  EASIER  TO  DEVELOP  DISCRETE  AREAS 
FIRST 

-  IT  IS  OVERWHELMING  TO  CONVERT  AN  ENTIRE 
OPERATION 

-  It  is  risky  to  invest  massively  in  the  face 
of  economic  and  market  uncertainties 

-  It  requires  a  high  level  commitment 


3.1.2 
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I.S.T, 


LINKAGE: 


*  Hewlett  Packard  "Manufacturer's  Productivity  Network" 
0  G.E.  "Factory  with  a  Future" 

#  Sperry  Univac  "Unis":  An  Integrated  CAD/CAM  System 


0  Others  via  acquisition,  mergers  and  expansion 


FTB110510000U 
29  June  1984 


KEY  DIFFERENCES  BETWEEN  INTEGRATED  VS  STAND-ALONE  SYSTEMS 

•  Increased  Accessibility  and  Sharing 

•  Increased  Flexibility  and  Responsiveness 

•  Improved  Integrity  and  Timeliness 


FTR110510000U 
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I.S.T.: 


PROVIDE  CUSTOMER  LIAISON  (Al) 


THE  PRIMARY  DRIVERS  OF  GENERIC  NEEDS  ARE; 

•  Management  and  Control 

-  Improved  proposals 

-  Improved  control  of  marketing  activities 

-  Improved  marketing  services 

•  Product  Definition  and  Planning 

-  Reduce  cost  and  lead  time  for  marketing  activities 


3. 1.2.1 
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STATE  OF  INTEGRATED  SYSTEMS: 

•  Marketing  Modules  are  Directed  to  High  Volume  Commercial 
and  Consumer  Product  Industries 

-  Result:  Features  relating  to  contract  operations 

are  absent 

®  Marketing  Modules  Have: 

-  Order  tracking  capabilities 

-  Schedule  impact  evaluation 

-  Cost  and  billing  features 

•  None  of  the  Marketing  Modules  Have: 

-  Product  definition  and  planning 


3. 1.2.1 
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I.S.T.:  MANAGE  FACTORY  OF  THE  FUTURE  (A2) 


! . 

Manage 

Factory 

OF  THE 

Future 

THE  PRIMARY  DRIVERS  OF  GENERIC  NEEDS  ARE:  CORRESPONDING  MODULES  ARE: 


t  Management  and  Control 


•  Master  Scheduling 


-  Improved  translation  of  strategic 
plans 

-  Improved  management  of  resources 

AND  TIME 

-  Improved  management  of  technological 

CHANGE 

-  Improved  decision  support 


•  Capacity  Planning 

e  Material  Requirements 
Planning 

o  Production  Control 

-  Work  order  scheduling 
*  Shop  floor  dispatching 

-  Work  order  tracking 


•  Product  Assurance 

•  Human  Resource  Management 
«  Financial  Management 


3. 1.2.2 


pthiiosioooou 

29  June  1984 


A-178 


/  ' 


./ 


no 


I.S.T.:  A2 


STATE  OF  INTEGRATED  SYSTEMS: 

•  Primary  Objective  is  to  Provide  Management  and  Control 

-  Feedback  control  functions  are  weak,  but  provisions  to  grow 

-  Needs  in  this  category  satisfied  except  improved  management  of 
technological  change 

e  Only  One  System  Addresses  Product  Assurance 

-  Engineering  analysis  and  engineering  data  collection  system 

-  Ability  to  select,  correlate  and  report  results  on  actual  process 

PARAMETERS 

-  Traceability  can  be  maintained 
“  A  MODEL  SYSTEM 

c  Human  Resource  Management;  all  systems  to  a  reasonable  degree: 

-  Reduce  the  number  of  mundane  jobs 

-  Enhance  the  decision  skills  of  personnel 

-  Improve  communication 

•  No  Modules  Relate  to  Organization  Structure,  Motivation  and  Skill 

•  All  Systems  Address  Financial  Management 

-  Approaches  vary  significantly 


3. 1.2. 2 
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I.S.T.:  DEFINE  PRODUCT  AND  PRODUCTION  TECHNOLOGY  REQUIREMENTS  (A3) 


Define 

_ p  Product  and  _ * 

Production 
Tech,  Rqmts 

THE  PRIMARY  DRIVERS  OF  GENERIC  NEEDS  ARE; 

•  Management  and  Control 

-  Improved  control  of  engineering  activities 

•  Product  Definition  and  Planning 

-  Reduced  cost  and  lead  time  for  engineering 

-  Improved  product  designs 

-  Improved  manufacturing  plans 

-  Improved  equipment  and  facilities  design 


3.1.2. 3 
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T.S.T.i  A3 


STATE  OF  INTEGRATED  SYSTEMS: 


•  All  Systems  Have  CAD  and  CAE  Modules 

-  No  SYSTEM  CAN  BE  USED  FOR  ALL  TYPES  OF  PRODUCTS 

-  Links  from  integrated  engineering  to  operational  planning  and 

CONTROL  ARE  NOT  COMPLETE,  BUT  SOME  ARE  MOVING  IN  THAT  DIRECTION 

•  The  Systems  Do  Provide  Improved  Control  of  Engineering  Activities 

-  Better  use  of  personnel  skills 

-  More  efficient  use  of  resources 

-  Closer  coordination  of  engineering  priorities  and  schedules 

•  Not  Clear  That  They  Provide  More  Consistency  with  Business  Objectives 

•  The  Objective  of  These  Modules  Is  To: 

-  Reduce  cost  and  lead  time  for  engineering 

-  Improve  product  design 


-  Improve  manufacturing  plans 

•  Equipment  and  Facilities  Design  is  an  Area  of  Weakness 

-  Only  one  system  even  addresses  this  area 


rnaio5ioooou 
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I.S.T.t  PROVIDE  RESOURCES  (A^) 
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Provide 

Resources 


THE  PRIMARY  DRIVERS  OF  GENERIC  NEEDS  ARE: 


•  Management  and  Control 

-  Improved  control  of  provisioning 

ACTIVITIES 

t  Product  Definition  and  Planning 

-  Improved  facilities,  equipment 

AND  TOOLS 

9  Human  Resource  Management 

•  Materials  Management 

-  Reduce  cost  and  lead  time  for  pro¬ 
visioning  RESOURCES 

-  Improve  raw  material  and  purchased 

COMPONENTS 


THE  CORRESPONDING  MODULES  ARE: 

9  Inventory  Management 
9  Material  Issues  and  Receipts 
o  Purchase  Order  Tracxing 


3, 1,2. 4 
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STATE  OF  INTEGRATED  SYSTEMS; 

•  The  Modules  are  Designed  to  Improve  Control  of  Provisioning  Activities 

•  The  Modules  Do  Not  Address 

-  The  question  of  improved  facilities,  equipment  and  tools 

-  Human  resource  management  in  terms  of: 

>  BETTER  RECRUITING  OF  KEY  PERSONNEL  . 

>  BETTER  ORIENTATION  AND  INHOUSE  TRAINING 

>  BETTER  INCENTIVES  AND  EMPLOYEE  MOTIVATION 

>  IMPROVED  UTILIZATION  OF  EMPLOYEE  SKILLS  AND  CAREER  DEVELOPMENT 

•  A  Major  Objective  of  the  Modules  is  to  Reduce  Cost  and  Lead  Time 

-  The  approaches  to  improving  raw  material  and  purchased  components 
varies  considerably 

-  Some  have  extensive  vendor  rating  systems 


I.S.T.:  PRODUCE  PRODUCT  (A5) 
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Produce 

Product 

THE  PRIMARY  DRIVERS  OF  GENERIC  NEEDS  ARE; 

t  Management  and  Control 

-  Reduce  cost  and  lead  time  of  manufacturing  activities 

-  Improve  results  of  manufacturing 

-  Improve  management  of  manufacturing  activities 

•  Product  Definition  and  Planning 


I.S.T.:  PRODUCT  PRODUCT  (A5) 


STATE  OF  INTEGRATED  SYSTEMS: 


•  Operation  Planning  and  Control  Modules 

-  The  more  advanced  are  geared  for  factory  and  plant 
automation  • 

•  The  Modules  are  Designed  to  Reduce  Cost  and  Lead  Time  Through: 

-  Better  loading 

-  Better  scheduling 

-  Monitoring  performance 

•  One  System  Can  Analyze  Engineering  and  Production  Data 

-  Should  lead  to  high  quality 


3. 1.2. 5 
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I.S.T.j  PROVIDE  LOGISTICS  SUPPORT  (A6) 


Provide 

- Logistics 

Support 

THE  PRIMARY  DRIVERS  OF  GENERIC  NEEDS  ARE: 

•  Management  and  Control 

-  Reduce  cost  and  lead  time 

-  Improve  control 

•  Product  Assurance 

-  Improved  field  support 
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STATE  OF  INTEGRATED  SYSTEMS: 

•  Considered  a  Marketing  Function  for  Consumer  and  Commercial  Products 

•  Existing  Modules  Can: 

-  Be  used  to  prepare  product  manuals 

-  Forecast  replacement  parts 

-  Improve  product  design 


3. 1.2,6 
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•  TECHNOLOGY  VOIDS  OR  TECHNOLOGY  AREAS  WHICH  ARE  NOT  AVAILABLE  TO 
SUPPORT  SUBSYSTEM  REQUIREMENTS  CAN  BE  PRIORITIZED  IN  TERMS  OF 
COST  AND  PERFORMANCE  DRIVERS  AND  HUMAN  FACTORS 

•  TECHNOLOGY  VOIDS  AS  THEY  RELATE  TO  THE  FoF  CANNOT  BE  SO  EASILY 
COMPARTMENTALIZED  AND  PRIORITIZED 


-  They  can  be  identified  by  need  categories 

-  But,  because  of  the  interaction  between  needs,  and 
often  long-range  implications,  it  is  not  possible 
to  measure  the  impact  of  fulfilling  the  individual 
needs 


riRJLiuJiwwo 
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INFORMATION  RESOURCE  MANAGEMENT  NEEDS  CATEGORY 


THE  BASIC  INFORMATION  NEEDS  ARE; 

9  A.  Mechanism  for  Integration 

•  Provisions  for  Distributed  Databases 
(oh  distributed  machines) 

e  Flexibility  to  the  End  Users 

c  Reduction  of  the  Need  for  Software 

•  Implementation  Plan  Which  Will: 

-  Minimize  initial  impact 

-  Be  able  to  evolve 


THE  VOIDS  ARE: 

»  Procedure  fop  Converting  a 
Proliferation  of  Independent 
Databases  into  an  Integral 
System 

•  Hardware  and  Software  Proto¬ 
col  Standards  (SEMI) 

t  Compatible  Hardware 

e  Customizable  Systems 

e  Commercially  Available  Tech¬ 
nology  for  Implementation 


3.2.1 
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TV:  FACTORY  MANAGEMENT  NEEDS  CATEGORY 


BASIC  CONTROL  NEEDS  ARE: 

e  Truely  Closed-Loop  Systems 

e  Timely-Accurately-Readily  Available 
Control  Information  for  Decision 
Support 

•  Improved  Level  of  Control  System 
Response  to  Change 

•  Improved  Tools  for  Decision  Support 


BASIC  VOIDS  ARE: 

•  Compatible  Hechanishs  for 
Data  Collect i on 

•  Real  Time  Data  Collection 

•  Hardware  and  Software  Support 
for  Data  Collection 


i 
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9  PRODUCT  DEFINITION  AND  PLANNING  INVOLVES  SEVERAL  DISCIPLINES 
(e.g,,  Interative  Graphics,  Finite  Element  Modeling,  Simulation) 

e  A  NEED  FOR  ALL  DISCIPLINES  TO  BE  NETWORKED  ON  A  COMMON  OPERATING 
SYSTEM 

t  ADVANCES  IN  OTHER  INDUSTRIES  MAY  OR  MAY  NOT  APPLY  TO  A  MODERN, 
HIGHLY  COMPLEX  AEROSPACE  PROGRAM  WITH  THE  VAST  AMOUNT  OF  DETAIL 
AND  CHANGE  ACTIVITY 


•  THE  GREATEST  BARRIER  TO  IMPLEMENTATION  IS  THE  ORGANIZATIONAL  IMPACT 


3.2.3 
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29  Jun«  1984 


A-190 


TV:  PRODUCT  ASSURANCE  NEEDS  CATEGORY 


BASIC  ASSURANCE  NEEDS  ARE: 

•  Improved  Organization  Interface 
During  New  Product  Introduction 

o  Improved  Quality  Information 
System 

•  Effective  QA/QC  Field  Information,, 
Acquisition  and  Utilization 

•  New  Ways  of  Test  and  Inspection 

•  Software  Quality  Assurance 


BASIC  VOIDS  ARE: 

•  Effective  Mechanism  or 
Network  by  Which  Information 
Can  Be  Collected  and  Com¬ 
municated 

•  Effective  Historical  Database 

e  "In-Line"  QA/QC  Functions 

t  Software  Quality  Assurance 
Methods 


3.2.A 


29  June  iv»« 


TV:  HUMAN  RESOURCE  MANAGEMENT  NEEDS  CATEGORY 


BASIC  NEEDS  CENTER  AROUND: 

9  Skill  Requirements 

•  Information  Needs 

•  Product  vs,  Process  "Focus" 

0  Involvement 

§  Organization  Structure 
t  Motivation 

0  Better  and  Longer-Term  Planning 
9  Organizational  Development 


NEEDS  ADDRESSED: 

,  0  Reduction  of  Mundane  Jobs 
»  Enhancing  Decision  Skills 
9  Improved  Communication 


3.2,5 


F7H110510000U 
29  June  1984 


A-192 


TV:  FINANCIAL  MANAGEMENT  NEEDS  CATEGORY 


BASIC  FINANCIAL  NEEDS  ARE: 

•  A  New  Method  of  Accounting 

•  A  Consolidation  and  Standardization  of  Financial  Databases 
a  Automatic  Part  and  Resource  Cost  Collection 

e  Improved  Measures  of  Performance/Productivity 
a  Reduced  Inventory  Costs 

•  Improved  Methods  of  Producing  and  Presenting  Financial  Information 

•  Financial  Systems  Integration  with  Production  Control  Systems 
c  Tools  for  More  Accurate  Budgeting 

a  Improved  Systems  for  Generating  Accurate  Manufacturing  Costs  for 
Parts  and  Whole  Systems  (and  link  to  engineering  trade-off  studu;> 

a  Forecasting  Model (s) 

a  Improved  Tools  for  Evaluating  ROI/ROA 


3.2.7 


FTR110510000U 
29  June  1984 


A-193 


TV:  MATERIALS  MANAGEMENT  NEEDS  CATEGORY 


BASIC  MATERIAL  MANAGEMENT  NEEDS: 

o  Improve  Communication  with 
Subcontractors 

®  Reduction  in  Material  Costs 

9  Improved  Work-In-Progress 
Management 

o  More  Effective  Facilities  and 
Equipment  Management 


BASIC  VOIDS  ARE: 

a  Not  in  the  Technology  but 
in  the  Application  of  What 
is  Available 

e  The  Incentive  to  Improve 
This  Area 


3,2,6 


FTE110510000U 
29  June  1984 


FTR11051000CJ 
29  June  i986 


fcPPEWPH  B 

DOCUMENT  REQUEST  FORMS 


ICAM  CONCEPTUAL  DESIGN  FOR 
COMPUTER  INTEGRATED  MANUFACTURING 


DOCUMENT  REQUEST  ORDER  FORM 


SUBMIT  DOCUMENT  REQUESTS  TO:  AFWAL/MLTC 

ICAM  Program  Library 
Wright  Patterson  AFB  OH  45433 


VOLUME  NUMBER  AND 

MANAGEMENT  NUMBER 

TITLE  OF  DOCUMENT 

flgjBQTTSS 

AFWAL-TR  -84  -4020 , 

Vol. 

1  . 

OVERVIEW 

1  H 

1! 

n 

n 

FACTORY  OF  THE  FUTURE.  PARTS  1-6 

(  ) 

AFWAL-TR-B4-4020. 

Vol . 

3, 

INTEGRATED  COMPOSITES  CENTER.  PARTS  1-10 

_ l _ L 

AFWAL-TR -84 -4020 , 

Vol. 

4, 

QUALITY  ASSURANCE  MODELING.  PARTS  1-6 

m 

AFWAL-TR -84 -4020. 

Vol . 

5 , 

BENEFITS  TRACKING.  TECHNOLOGY  TRANSFER 

mm 

AFWAL-TR -84 -4020, 

Vol. 

Jb_ 

RECOMMENDATIONS  FOR  FUTURE  PROJECTS 

.( 

NAME: 

PLEASE  PRINT 

HAIL  COOE: 

TITLE: 


DEPARTMENT: 


COMPANY: 


STREET  or  P.  0.  BOX: 


CITY: _ STATE: _ ZlPj _ 

'  ““““  REQUIREMENT  FOR  DOCUMENT  — 

Oocument(s)  requested  for  the  purpose  of  (intended  use  and  program/project  application 
must  be  provided): 


Documents  generated  under  the  contract  contain  controlled  distribution  and  export  control 
clauses. 

I  am  a  U.S.  citizen.  I  am  employed  by  a  U.S.  organization/company  and  am  aware  that  the 
use  of  these  Air  Force  documents  must  comply  with: 

U.S.  EXPORT  CONTROL  IMS 

This  document  contains  Information  for  manufacturing  or  using  munitions  of  ware  Export 
of  the  Information  contained  herein  or  release  to  fotelgn  nations  within  the  united 
States  without  first  obtaining  an  expoct  license  is  a  violation  of  the  International 
Traffic  In  Arms  Regulations .  Such  violation  Is  subject  to  a  penalty  of  up  to  2  years 
Imprisonment  and  a  fine  of  $100,000  under  22  USC  2778. 

Slgna  ture : _ Da  te : _ 

Telephone  No. : _ _ 


B-2 


FACTORY  OF  THE  FUTURE  CONCEPTUAL  FRAMEWORK 


DOCUMENT  REQUEST  ORDER  FORM 

SUBMIT  DOCUMENT  REQUESTS  10:  AFWAL/MLTC 

l CAM  Program  Library 
Wright -Patterson  AF8  OH  45433 


VOLUME  HUMBER  AND 
MANAGEMENT  NUMBER 

TITLE  Of  DOCUMENT 

wm 

SO  11 051 2000 

Scooina  Document 

NAOT .  ■'512000 

Needs  Analysis  Document 

BE 

SADI  1051 2000 

State-of -the-Art  Document 

Bn 

SRDT 1 051 2000 

System  Requirements  Document 

m 

SS  1 1 051 2000 

System  Specification  Document 

Ml 

MMRTT 051 2000 

Conceptual  Framework  Document 

Ml 

PLEASE  PRINT 

NAME: _ _ _ _ _ HAIL  CODE: 


TITLE: 


DEPARTMENT: 


COHPAHY : 


STREET  or  P-  0.  BOX: 


CITY: _  STATE:  ZIP: 

REQUIREMENT  FOR  DOCUMENT 

Document(s)  requested  for  the  purpose  of  (intended  use  and  prcqram/project  application 
must  be  provided): 


Documents  generated  under  the  contract  contain  controlled  distribution  and  expon.  control 
clauses. 

I  am  a  U.S.  citizen.  I  am  employed  by  a  U.S.  organ izaticn/company  and  am  aware  that  the 
use  of  these  Air  Force  documents  must  comply  with: 

U.S.  EXPOST  CONTROL  LANS 

This  document  contains  Information  for  manufacturing  or  using  munitions  of  ware  Export 
of  the  Information  contained  herein  or  release  to  foreign  nations  within  the  United 
States  without  first  obtaining  an  export  license  i3  a  violation  of  the  International 
Traffic  In  Arms  Regulations .  Such  violation  Is  subject  to  a  penalty  of  up  to  2  gears 
Imprisonment  and  a  fine  of  $ 100,000  under  22  USC  2776. 

Signature :  _ _ _ _ Date: _ _ 

Telephone  No. : _ _ 


8-3 


INTEGRATED  COMPOSITES  CENTER 


POCUKEK  J  RE  DUE SI  ORDER  FORM 


SUBK11  LOfUHENT  BUSU'.S'fS  TO:  AFWAL/Ml.TC 

ICAM  Program  Library 
Wrlght-Patterson  AF8  OH  A5433 


VOLUME  NUMBER  AND 
•MANAGEMENT  NUMBER 


SD  T 10511 000 


SEDT  T051100C 


SADU0511000 


SRD1 1051 1000 


5S  110511000 


SDS1 1 051 1C00 


DS  110511000 


STP1 10511 000 


IP  110511000 


TITLE  Of  DOCUMENT 


Scoping  Document _ 

Needs  Analysis  Document 


System  Environment  Document 


State-of -the-Art  Document 


System  Requirements  Document _ 

System  Specification  Document _ 

System  Design  Specification  Document 


Development  Specification  Document _ 

System  Test 


Implementation  Plan  Strategy _ 


PLEASE  PRINT 

NAME: 

MAIL  CODE: 

TITLE: 

■  ■  -  _ aJT  x 

DEPARTMENT:  . 

COMPANY: 

STREET  or  P.  0.  BOX: 

CITY: 

STATE: 

ZIP: 

REQUIREMENT  fOR  DOCUMENT 

Document(s)  requested 
must  be  provided): 

for  the  purpose  of  (intended  use  and 

program/project  application 

Documents  generated  under  the  contract  contain  controlled  distribution  and  export  control 
clauses. 

1  am  a  U.S.  citizen.  I  am  employed  by  a  U.S.  organization/company  and  am  aware  that  the 
use  of  these  Air  Force  documents  must  comply  with: 

U.S.  EXPORT  CONTROL  LAMS 

This  document  contains  Information  for  manufacturing  or  using  munitions  of  ware  Expert 
of  the  Information  contained  herein  or  release  to  foreign  nations  el  thin  the  United 
States  without  first  obtaining  an  export  license  Is  a  violation  of  the  International 
Traffic  In  Arms  Regulations .  Such  violation  is  subject  to  a  penalty  of  up  to  2  years 
imprisonment  and  a  fine  of  $100,000  under  22  use  2778. 

SI  gnature  :  __ _ Ot s  te : _ 

Telephone  Mo.  : _ _ _ _ _ _ _ 


QUALITY  ASSURANCE  MODELING  AND  ANALYSIS 


SUBMIT 


VOLUME.  NUMBER  AND 
MANAGEMENT  NUMBER 


SO  110513J00 


NAOT  TOST  3T’  TO 


SE  D1 T  051 3000 


SRDT TOST  3000 


TTDTT05T3000 


1SPT  TOST  3000 


DOCUMENT  REQUEST  ORDER  FORM 

DOCUMENT  REQUESTS  TO:  AFWAL/MLTC 

TCAM  Program  Library 
Wrlght-Patterson  AFB  OH  4S433 


TITLE  OF  DOCUMENT 


Scoping  Document. _ 

Needs  Analysis  Document 


System  Environment  Document 


System  Requirements  Document 


Architecture  for  Product  Assurance 


Frogram  Management  Standard  Recommendations 


PLEASE  PRINT 

MAR  CODE: 


DEPARTMENT: 


STREET  or  P.  0.  BOX: 


Document(s)  requested 
must  be  provided) : 


REQUIREMENT  FOR  DOCUMENT 

for  the  purpose  of  (intended  use  and  program/project  application 


Documents  generated  under  the  contract  contain  controlled  distribution  and  export  control 
clauses. 

I  am  a  U.S.  citizen.  I  am  employed  by  a  U.S.  organization/company  and  am  aware  that  the 
use  of  these  Air  Force  documents  must  comply  with: 

U.S.  EXPORT  CONTROL  LANS 

This  document  contains  Information  for  manufacturing  or  using  munitions  of  ware  Export 
of  the  Information  contained  herein  or  rc-lease  to  foreign  nations  within  the  united 
States  without  first  obtaining  an  export  license  Is  a  violation  of  the  International 
Traffic  In  Arms  Regulations .  Such  violation  Is  subject  to  a  penalty  of  up  to  2  years 
Imprisonment  and  a  fine  of  $100,000  under  22  USC  2778 . 


Signature : _ 


Telephone  No. : _ 


